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ABSTRACT
In Tom Mi ne r  Bas i n  sou t h  o f  Torn M i ne r  Cr eek ,  an Eocene 
v o l c a n i c  s u c c e s s i o n  c o n s i s t s  o f  w e l l  bedded t o  c r u d e l y  
s t r a t i f i e d  e p i c l  as t i c  v o l c a n i c  beds w i t h  i n t e r c a l a t e d  a n d é s i t e  
f l o ws  o f  a u g i t e - hy p e r s t h en e  c o m p o s i t i o n  i n  the l o we r  p a r t  o f  
t he s u c c e s s i o n  and a u g i t e - h o r n b l e n d e - h y p e r s t h e n e  f l o w s  i n  t he 
upper  p a r t .  The e n t i r e  v o l c a n i c  sequence i s  a t  l e a s t  2800 
f e e t  t h i c k  and r e s t s  uncon f o r mab1 y on Precambr i an  me t amor ph i c  
rock  and i n  p l a c e s  on Cret aceous  s t r a t a .
Vents i n  a n o r t h - n o r t h e a s t - t r e n d i n g  h o r s t  i n  t he  E l e c t r i c  
Peak - Sepu l c h e r  Moun t a i n  r e g i o n  o f  Y e l l o w s t o n e  N a t i o n a l  Park 
may have s u p p l i e d  v o l c a n i c  m a t e r i a l s  t o t he  l o we r  p a r t  and 
most  o f  t he upper  p a r t  o f  t he  s u c c e s s i o n  i n  t he  map a r ea .
Di kes e a s t  o f  Horse Creek may have f e d  some o f  t he  upper  
a n d é s i t e  f l o w s .  The v o l c a n i c s  h i gh  i n  t he  s u c c e s s i on  near  
B u f f a l o  Horn Pass c o u l d  have been s u p p l i e d  f rom sou r ces  i n  
e i t h e r  t he  N o r t h e r n  G a l l a t i n  Range,  t he  E l e c t r i c  Peak-  
S e p u l c h e r  Moun t a i n  r e g i o n ,  o r  t he  d i k e s  e a s t  o f  Horse Creek.
D a c i t e  has i n t r u d e d  t he v o l c a n i c  s uc c es s i o n  i n  t he  f orm 
o f  a s t o c k  a t  Sheep Mo u n t a i n ,  a s i l l  sou t hwes t  o f  Sheep 
Mount a i n  and a p l ug  e a s t  o f  Horse Creek .  Seven a n d é s i t e  d i k e s  
a l s o  i n t r u d e  t he s u c c e s s i o n  ea s t  o f  Horse Creek.  These 
i n t r u s i o n s  are l o c a t e d  a l ong  t he  n o r t h w e s t - t r e n d i n g ,  pot ass i um-  
poor  Western Absar oka b e l t  o f  v o l c a n i c  c e n t e r s  whi ch ar e  i n  
l i n e  w i t h  t he  Span i sh  Peaks Larami de r e v e r s e  f a u l t  n o r t h w e s t  
o f  t he  map a r ea .
Probab l e  P I i o - P l e i s t o c e n e  r h y o l i t i c  (?)  wel ded t u f f  
occu r s  as e r o s i o n a l  remnants a l ong Tom Mi ne r  Canyon between 
Sheep Creek and Horse Creek and a l s o  a l ong  the Y e l l o w s t o n e  
V a l l e y  e a s t  o f  Wigwam Creek.  The Tom Mi ne r  d e p o s i t s  may 
r e p r e s e n t  we l ded ash f l o ws  whi ch came f r om n o r t h w e s t  o f  
Tom Mi ne r  Bas i n .
The n o r t h e a s t - t r e n d i n g  Deep Creek normal  f a u l t  wh i ch  
forms t he  n o r t h w e s t  b o r d e r  o f  t he  B e a r t o o t h  s t r u c t u r a l  b l o c k ,  
cannot  be p o s i t i v e l y  t r a c e d  i n t o  t he map ar ea.  I f  i t  
c o n t i n u e s  i n t o  t he map a r ea ,  i t  must  t r e n d  a l ong a s t r i p  about  
o n e - q u a r t e r  m i l e  w i d e ,  c l o s e l y  p a r a l l e l i n g  Tom Mi ne r  Creek .
Any d i s p l a c e m e n t  a l ong  t h i s  p r o j e c t i o n  o f  t he f a u l t  must  have 
been smal l  because Pr ecambr i an met amor ph i c  rock  u n i t s  and 
welded t u f f  remnants l o c a t e d  on bot h s i des  o f  Tom Mi n e r  Creek 
are not  a p p r e c i a b l y  o f f s e t .
I .  INTRODUCTION 
L0cat i  on
The map a r ea ,  c o n s i s t i n g  o f  a p p r o x i m a t e l y  40 square 
m i l e s ,  i s  l o c a t e d  i n  t he G a l l a t i n  Range o f  Sout hwes t e r n  
Montana a p p r o x i m a t e l y  35 mi l es  s ou t hwes t  o f  L i v i n g s t o n  and 
20 mi l es  n o r t h w e s t  o f  Ga r d i n e r .
The G a l l a t i n  Range i s  a mount a i nous  area e x t e n d i n g  f rom 
near  Bozeman 50 m i l e s  sou t hwar d i n t o  Y e l l o w s t o n e  Na t i o n a l  
Park and o c c u p y i ng  the 20 t o  30 mi l e  wide area between the 
G a l l a t i n  and Y e l l o ws t o n e  R i v e r s .  I t  i s  p a r t  o f  the No r t he r n  
Rocky Mount a i n  p h y s i o g r a p h i c  p r o v i n c e  o f  Fenneman ( 1931) .
The map area i s  bounded on the n o r t h e a s t  by the 
Y e l l o ws t o n e  R i v e r ,  on t he s o u t h e a s t  by t he d i v i d e  between 
Tom Mi ner  and Ci nnabar  Bas i ns ,  on t he south by the n o r t h e r n  
boundary  o f  Ye l l o ws t o n e  Na t i o n a l  Par k ,  on t he west  by the 
G a l l a t i n - Y e l l o w s  tone d i v i d e  and on t he n o r t h  by Tom Mi ner  
Creek ( F i g u r e  1) .
Regional  S e t t i n g
Tom Mi ne r  Bas i n i s  l o c a t e d  i n  t he n o r t h w e s t  p o r t i o n  o f
what  i s  t ermed the A b s a r o k a - G a l l a t i n  v o l c a n i c  p r o v i n c e  (R. A.
Chadwi ck,  i n  p r e s s ) .  Th i s  e a r l y  T e r t i a r y  v o l c a n i c  p r o v i n c e
ext ends n o r t h w e s t w a r d  n e a r l y  150 mi l e s  f rom near  T h e r m o p o l i s ,
Wyoming t o  t he  G a l l a t i n  R i v e r  s ou t hwes t  o f  Bozeman, Montana 
( F i g u r e  2 ) .
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Many wor ke r s  have no t ed t h a t  A b s a r o k a - G a l l a t i n  v o l c a n i c s  
were e x t r u d e d  f rom a number o f  v o l c a n i c  c e n t e r s  t h a t  l i e  on a 
n o r t h w e s t - t r e n d i n g  zone.  The p r i n c i p a l  c e n t e r s  thus f a r  
r e c o g n i z e d  are shown i n  F i g u r e  2 and l i e  a l ong two s u b p a r a l l e l  
b e l t s :  t he  Western Absaroka b e l t  and t he Eas t e r n  Absaroka
b e l t  (R.  A. Chadwi ck,  i n p r e s s ) .  The Western b e l t  c e n t e r s  
a r e :  (1)  K i r w i n  area ( Hewe t t ,  1914;  Rouse,  1940;  Wi l s o n ,
1964a,  1964b) ;  (2)  I shawooa area (Rouse,  1933,  1937;  F i s h e r ,  
1967) ;  (3)  Sy l van Pass area ( C a s e l l a ,  1967) ;  (4)  Mr. Washburn 
( S c h u l t z ,  1962,  1968) ;  (5)  E l e c t r i c  Peak - Se pu l cher  Mt .
(Hague,  I d d i n g s  and Weed, 1899;  Smedes,  1968) ;  (6)  Por cup i ne  
Creek p l ugs  ( H a l l ,  1961) .  The Eas t e r n  Absaroka b e l t  v o l c a n i c  
c e n t e r s  a r e :  (7)  S u n l i g h t  c e n t e r s  ( Pa r sons ,  1939,  1958,  1968) ;
(8)  H u r r i c a n e  Mesa area (Rouse,  1947;  Kr ushensky ,  1960,  1962) ;
(9)  Cooke C i t y  area ( C o v e r i n g ,  1929) ;  (10)  Independence area 
(Emmons, 1908;  Rubel ,  1964,  1968) ;  (11)  Emi grant  Peak area 
(A. L . E a s i e r ,  1965,  1966) ;  (12)  P o i n t  o f  Rocks area 
(Chadwi ck ,  1965;  Chadwick and McCaskey,  1968) ;  (13)  No r t h e r n  
G a l l a t i n  Range d i ke  swarm (Chadwi ck ,  1964) .
Chadwick (1968)  f ound t h a t  t he  Eas t er n  Absaroka b e l t  
c e n t e r s  are g e n e r a l l y  r i c h e r  i n  pot ash than t hose o f  t he 
Western Absaroka b e l t  and t h a t  t he Eas t ern  and Western b e l t s ,  
t r a c e d  n o r t h w e s t w a r d ,  seem to c o i n c i d e  w i t h  the Squaw Creek 
and Spani sh Peak Laramide r e v e r s e  f a u l t s ,  r e s p e c t i v e l y  
/ ( F i g u r e  2 ) .
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PARK
T H E R M O P O L IS  g
F i g u r e  2.  The A b s a r o k a - G a l l a t i n  V o l c a n i c  P r ov i n ce  V o l c a n i c  
Cen t er s
1 . K i r w i n  area 8 .
2. Ishawooa area 9.
3. Sy l van  Pass area 10.
4. Mt .  Washburn 11 .
5. E l e c t r i c  Pe a k - Se pu l che r  Mt . 12.
6. Po r c u p i n e  Creek s t o c k s 13.
7. S u n l i g h t  c e n t e r s
- -  K - -  Eas t e r n  p o t a s s i  
- -  K - -  Western p o t a s s i
" D . C . "  Deep Creek f a u l t  
" S . C . "  Squaw Creek f a u l t
H u r r i c a n e  Mesa area 
Cooke C i t y  area 
Independence area 
Emi g r an t  Peak area 
P o i n t  o f  Rocks area 
G a l l a t i n  Range d i k e  swarm
urn r i c h  b e l t  
urn poor  b e l t
" S . P . "  Spani sh Peaks f a u l t  
" G. "  Ga r d i n e r  f a u l t
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These f r a c t u r e  zones may be t r a c e d  f u r t h e r  no r t hwe s t wa r d  
acr oss  t he Madison Range to t he v i c i n i t y  o f  t he Tobacco Root  
b a t h o l i t h  ( P e a l e ,  1896;  Swanson,  1950;  Re i d ,  1957;  A n d r e t t a  
and A l s u p ,  1960;  Kavanagh,  1965;  B e c r a f t  and o t h e r s ,  1966) .
Rock t ypes  r eco r ded  a l ong t he  Eas t e r n  Absaroka b e l t  
i n c l u d e  a n d é s i t e s ,  t r a c h y a n d e s i t es  , l a t i t e s ,  monz on i t es ,  
o r t h o c l a s e  b a s a l t s ,  gabb r os ,  d i o r i t e s  and s y e n i t e s .  The 
Western b e l t  assemblage i s  p r e d o m i n a n t l y  normal  c a l c - a l k a l i c  
a n d é s i t e s ,  d a c i t e s ,  b a s a l t s  and t h e i r  p h a n e r i t i c  e q u i v a l e n t s  
( Chadwi ck ,  1968) .
These rocks  t ake  t he f orm o f  s t o c k s ,  p l u g s ,  s h e e t s ,  
l a c c o l i t h s ,  d i k e s ,  l av a  f l o w s ,  v o l c a n i c  b r e c c i a s  and o t h e r  
v o l c a n i c l a s t i c  r ocks  whi ch have i n  l a r g e  p a r t  come f rom 
the c e n t e r s  a l ong the Eas t e r n  and Western Absaroka b e l t s .
Chemical  and m i n e r a l o g i c a l  d i f f e r e n c e s  between the 
ma j o r  i gneous rock  assemblages o f  t he two b e l t s  may sugges t  
t h a t  t he Eas t e r n  and Western b e l t s  t apped a somewhat d i f f e r ­
en t  magma s e r i e s  (R. A. Chadwi ck,  o r a l  commun i ca t i on ,  1968) .
P r ev i ous  Geo l og i c  I n v e s t i g a t i o n s
E a r l i e s t  d e t a i l e d  g e o l o g i c  work i n  t he r e g i on  was 
conduc t ed by t he  Un i t e d  S t a t e s  Ge o l o g i c a l  Su r vey ,  1883-93 
(Hague,  I d d i n gs  and Weed, 1894,  1896;  Pea l e ,  1896) .
The L i v i n g s t o n  F o l i o  (Hague,  I d d i n gs  and Weed, 1894)
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d e s c r i b e d  the geo l ogy  o f  Tom Mi ne r  Basin f r om the 111th 
me r i d i an  t o  t he  Y e l l o ws t o n e  V a l l e y .  The i gneous  rocks were 
c l a s s i f i e d  t o g e t h e r  as " b a s i c  a n d e s i t i c  b r e c c i a s  and f l o w s " .  
Precambr i an g r a n i t e ,  gne i ss  and s c h i s t  were d e s c r i b e d  
s e p a r a t e l y  bu t  mapped as " Pr ecambr i an  u n d i f f e r e n t i a t e d " .
The Three Forks F o l i o  ( P e a l e ,  1896) i n c l u d e s  a gener a l  
d e s c r i p t i o n  o f  t he geo l ogy  o f  Tom Mi ne r  Bas i n west  o f  t he 
111th m e r i d i a n .  The i gneous r ocks  t h e r e  were mapped as 
" b a s i c  a n d e s i t i c  b r e c c i a s  and f l o w s " .  Hague,  I d d i n g s  and 
Weed (1896,  1899)  d e s c r i b e  what  appears t o  be t he same u n i t  
as " e a r l y  b a s i c  b r e c c i a " ,  a sequence o f  v o l c a n i c  b r e c c i a s  
c o n t a i n i n g  p y r o x e n e - a n d e s i te , h o r n b l e n d e - p y r o x e n e - a n d e s i te 
and b a s a l t  c l a s t s  i n t e r c a l a t e d  w i t h  l ava  f l o ws  o f  s i m i l a r  
l i t h o l o g y .
No d e t a i l e d  g e o l o g i c  i n v e s t i g a t i o n s  are known i n  Tom 
Mi ner  Bas i n s i n c e  189 3.
In t he s u r r o u n d i n g  a r ea s .  Ha l l  (1961)  mapped a l a r g e  
p o r t i o n  o f  t he upper  G a l l a t i n  V a l l e y  west  o f  Tom Mi ner  Bas i n .  
Bryden (1950)  s t u d i e d  the Precambr i an e a s t  o f  Tom Mi ner  
Basin i n  Yankee J i m Canyon.  The Rock Cr e ek - B i g  Creek area 
n o r t h  o f  Tom Mi ne r  Bas i n i s  c u r r e n t l y  be i ng  s t u d i e d  by Dr.
R. A. Chadwick o f  Montana S t a t e  U n i v e r s i t y .  No r t hwes t e r n  
Ye l l o ws t o n e  N a t i o n a l  Park i s  c u r r e n t l y  under  i n v e s t i g a t i o n  
(Smedes,  1968) and Ci nnabar  B a s i n ,  d i r e c t l y  sou t h  o f  Tom
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Miner  B a s i n ,  has been mapped by E. L. McCaskey (Pendi ng 
M.S. T h e s i s ,  Montana S t a t e  U n i v e r s i t y ) .
Purpose o f  Study 
The purpose o f  t h i s  s t udy  i s  t o :  (1)  c o n s t r u c t  a
g e o l o g i c  map o f  t he sou t he r n  p a r t  o f  Tom Mi ner  Bas i n ;  (2)  
d e s c r i b e  t he rock  u n i t s  i n  f i e l d  exposur es  and t h i n  s e c t i o n ;  
(3)  r e c o r d  the s t r u c t u r a l  and age r e l a t i o n s h i p s  o f  t hese 
rock u n i t s ;  (4)  d e t e r m i n e ,  i f  p o s s i b l e ,  t he o r i g i n  o f  t he 
v a r i o u s  u n i t s  e n c o u n t e r e d .
I I .  GEOLOGIC UNITS 
Evi dence used f o r  a s s i g n i n g  ages t o  t he v a r i o u s  g e o l o g i c  
u n i t s  w i l l  be ment i oned l a t e r  i n  t h i s  paper .
Precambr i an Metamorphi c  Rocks
Precambr i an met amorph i c  rocks  crop out  ov e r  a p p r o x i m a t e l y  
two square mi l es  i n  t he  n o r t h w e s t  c o r n e r  o f  t he map ar ea .
These Precambr i an r o c k s ,  u n d i f f e r e n t i a t e d  on P l a t e  I ,  i n  
p o c k e t ,  i n c l u d e  g n e i s s ,  s c h i s t o s e  q u a r t z i t e ,  s c h i s t ,  g r a n u l i t e ,  
pe gma t i t es  and p r o b a b l e  s i l l s .
Gneiss occur s  p r i n c i p a l l y  sout h o f  t he Tom Mi ner  road 
but  ex t ends across  t he e n t i r e  mapped Precambr i an area sout h  
o f  t he i n t e r s e c t i o n  o f  Tepee and Wigwam Creeks.  The gne i ss  
i s  t y p i c a l l y  a mass i ve ,  f a i n t l y  banded,  gr ey  and w h i t e  
g r a n i t i c - f e l d s p a t h i c  r oc k .  Muscov i t e  and e p i d o t e  are l o c a l l y  
a b u n d a n t .
I n t e r b e d d e d  s c h i s t o s e  q u a r t z i t e  and s c h i s t  crop ou t  
n o r t h  o f  the Tom Mi ne r  road and south o f  t he  road west  o f  
Tepee Creek below i t s  i n t e r s e c t i o n  w i t h  Wigwam Creek.  The 
s c h i s t o s e  q u a r t z i t e  i s  l i g h t  green and mi caceous .  The s c h i s t  
i s  p r e d o m i n a n t l y  a dark  green h o r n b l e n d e - p l a g i o c l a s e - b i o t i t e -  
q u a r t z  s c h i s t  ( P l a t e  I I ,  F i gu r e  1 ) ,  but  b i o t i t e  and ( o r )  
p l a g i o c l a s e  are l o c a l l y  abs en t .  P l a g i o c l a s e  p o r p h y r o b l a s t s  
are abundant  l o c a l l y .
A grey and w h i t e ,  f a i n t l y  f o l i a t e d ,  p i a g i o c l a s e - q u a r t z -  
b i o t i t e - a u g i t e  g r a n u l i t e i s  l o c a t e d  on Wigwam Creek near  t he
B
PLATE I I
F i g u r e  1.  Common Precambr i an  r ock  t ypes  i n  t he  map area
A. Q u a r t z - f e l d s p a r  p e g m a t i t e .
B. L i g h t  green s c h i s t o s e  q u a r t z i t e .
C. P l a g i o c l a s e - q u a r t z - b i o t i t e - a u g i t e - g r a n u l i t e .
D. Dark green s c h i s t .
E. Grey and w h i t e  g n e i s s .
F i g u r e  2.  S i l l  i n  Precambr i an  g r a n i t i c  g n e i s s .  The deforma 
t i o n  o f  t he  s i l l  i s  p a r a l l e l  t o  t he f o l i a t i o n  o f  
t he  g n e i s s .
A. S i l l .
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P r e c a m b r i a n - T e r t i a r y - v o l c a n i c  c o n t a c t .
Smal l  q u a r t z  v e i n s ,  pods,  l enses  and smal l  q u a r t z -  
f e l d s p a r  p e g ma t i t e  masses are common t h r o u g h o u t  the met a­
morphi c  t e r r a i n .  S i l l s ,  1 t o  100 f e e t  t h i c k ,  l o c a t e d  i n  t he 
g n e i s s ,  are p r e d o m i n a n t l y  c o n c o r d a n t  b u t  l o c a l l y  t r a n s e c t  
metamorphi c  f o l i a t i o n  ( P l a t e  I I ,  F i gu r e  2) .
Ma j o r  Eocene L i t h o l o g i e  Types
Lava Flows
L i g h t  grey t o  b l a c k  a n d é s i t e  f l o w  u n i t s ,  80 to 1400 f e e t  
t h i c k ,  are exposed i n  t he map ar ea .  Flow ba nd i n g ,  v é s i c u l a ­
t i o n  and h i g h l y  o x i d i z e d  zones i n  b r e c c i a  t ed  p a r t s  and 
bo undar i es  between f l o ws  are common t o  most  f l o w s .
H y p e r s t h e n e - A u g i t e  An d é s i t e s
A n d é s i t e  f l ows  eas t  o f  Horse Creek,  w i t h  e l e v a t i o n s  l ess  
than 8400 f e e t ,  have exposur es  r a n g i n g  f rom 0.125 to 2 square 
m i l e s .  They c o n t a i n  hyp e r s t h ene  and a u g i t e  p h eno c r y s t s  w i t h  
h y p e r s t h ene  commonly more abundant  than a u g i te ( P l a t e  I I I ,  
F i g u r e  1 ) .
A u g i t e - H o r n b l e n d e - H y p e r s t h e n e  Andés i t es
A n d é s i t e  f l ows  h i g h e r  i n  t he  sequence occu r  p r i n c i p a l l y  
i n  t he  s o u t h e a s t e r n  and so u t h e r n  p o r t i o n s  o f  t he map area 
above 8400 f e e t .  They are 80 t o  480 f e e t  t h i c k  and have
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abundant  p h e n o c r y s t s  o f  a u g i t e  and ho r nb l ende  and l ess  
abundant  p h e n o c r y s t s  o f  hyper s t hene  ( P l a t e  I I I ,  F i gu r e  2) .
E p i c l a s t i c  V o l c a n i c  Rocks
The t er m " e p i c l a s t i c  v o l c a n i c  r o c k s " i s  used here t o  d e f i n e  
s ed i men t a r y  r ocks  c o n s i s t i n g  ma i n l y  o f  m a t e r i a l s  d e r i v e d  f rom 
o l d e r  r ocks  o f  v o l c a n i c  and ( o r )  i n t r u s i v e  o r i g i n  ( F i s h e r ,
1 956 ) .
Ha l l  (1961)  d e s c r i b e s  l o c a l l y  s t r a t i f i e d  coarse v o l c a n i c  
con g l o me r a t e s ,  i n t e r l a y e r e d  w i t h  v o l c a n i c  ash and t u f f  on 
F o r t r e s s  Mount a i n  a p p r o x i m a t e l y  two mi l e s  n o r t h  o f  t he  n o r t h ­
west  c o r n e r  o f  t he map ar ea.  He names t hese d e p o s i t s  t he 
F o r t r e s s  Mount a i n  member o f  t he Specimen Creek f o r m a t i o n .  
However ,  i n  Tom Mi ne r  Basin t hese d e p o s i t s  are ma i n l y  b r e c c i a s  
and f i n e r  g r a i n e d  l i t h o l o g i e s  whi ch e x h i b i t  r a p i d  l a t e r a l  and 
v e r t i c a l  v a r i a t i o n s .  T h e r e f o r e  H a l l ' s  t e r m i n o l o g y  i s  no t  
ex t ended i n t o  t he  map area and e p i c l a s t i c  u n i t s  i n t he map 
area are u n d i f f e r e n t i a t e d  on P l a t e  I .
The e p i c l a s t i c  d e p o s i t s  o f  Tom Mi ne r  B a s i n ,  exposed t o  a 
maximum-measured t h i c k n e s s  o f  2500 f e e t ,  c o n t a i n  a l l  g r a d a ­
t i o n a l  t ypes  between v o l c a n i c  b r e c c i a ,  con g l o me r a t e ,  sands t one 
and s i l t s t o n e .  For  t h i s  r eason ,  o n l y  two ma j o r  l i t h o l o g i e  
t ypes w i l l  be d i s t i n g u i s h e d  i n  t he p r e s e n t  d i s c u s s i o n :  (1)
c r u d e l y  s t r a t i f i e d  e p i c l a s t i c  v o l c a n i c s ;  (2)  we l l  bedded
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PLATE III
Fi gur e  1. T y p i c a l  exposur e  o f  l ava  f l o ws  below 8400 f e e t  
A. Lava f l o w s .
F i gu r e  2.  T y p i c a l  exposur e  o f  l a v a  f l ows  above 8400 f e e t  
A. Lava f l o w s .
-13-
e p i c l a s t i c  v o l c a n i c s  ( P l a t e  IV,  F i gu r es  1 and 2 ) .  Both l i t h o ­
l o g i e  t ypes  c o n t a i n  secondary  s i l i c a  and c a l c i  t e  and are 
composed o f  g r a i n s  and f r agment s  s i m i l a r  i n  c o mp o s i t i o n  t o  
t he i n t e r c a l a t e d  a n d é s i t e  f l o ws  and d a c i t i c  i n t r u s i o n s  o f  t he 
map and near by  ar eas .  Both l i t h o l o g i e  t ypes  are i n t e r b e d d e d .  
Common c o l o r s ,  c o n t r o l l e d  by o x i d a t i o n  s t a t e  and t he r a t i o  o f  
dark  t o  l i g h t  f r agment s  and mi ne r a l  g r a i n s ,  are l i g h t  g r e y ,  
dark g r e y ,  r e d d i s h  brown and l o c a l l y  green.
Cr ude l y  S t r a t i f i e d  E p i c l a s t i c  V o l c a n i c s
The c r u d e l y  s t r a t i f i e d  e p i c l a s t i c  v o l c a n i c  beds commonly 
c o n s i s t  o f  p o o r l y  s o r t e d  b r e c c i a s  c o n t a i n i n g  mo s t l y  a n g u l a r  t o  
s u b a n g u l a r  c l a s t s ,  l o c a l l y  up t o  e i g h t  f e e t  i n  d i a m e t e r ,  i n  a 
f i n e r  g r a i n e d  m a t r i x .  Su b o r d i n a t e  amounts o f  cong l omer a t es  
and we l l  bedded e p i e l a s t i c s  are i n t e r b e d d e d  i n  the c r u d e l y  
s t r a t i f i e d  e p i c l a s t i c  beds.
V e s i c u l a r i t y ,  s t a t e  o f  o x i d a t i o n  and a n g u l a r i t y  o f  t he 
c l a s t s  i s  v a r i a b l e .  Nonigneous c l a s t s  are r a r e  excep t  near  
t he Gal l a t i n - Ye l l o ws t o n e  d i v i d e  where Precambr i an c l a s t s  are 
common ( P l a t e  V, F i gu r e  1 ) .  Many l e v e l s  o f  f o s s i l  f o r e s t  
are c o n s p i c i o u s  i n  t hese  e p i c l a s t i c  d e p o s i t s  ( P l a t e  V . ,  F i g u r e  
2 ) .
Crude s t r a t i f i c a t i o n ,  a n g u l a r i t y  o f  c l a s t s ,  l a r g e  
q u a n t i t i e s  o f  m a t r i x  between f r a g m e n t s ,  and c l a s t s  up t o
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PLATE IV
F i gu r e  1. Lens o f  w e l l  bedded e p i c l a s t i c  v o l c a n i c  i n  c r u d e l y  
s t r a t i f i e d  e p i c l a s t i c  v o l c a n i c  beds.
A. Wel l  bedded e p i c l a s t i c  v o l c a n i c  l e n s .
B, Cr u d e l y  s t r a t i f i e d  e p i c l a s t i c  v o l c a n i c  bed.
F i g u r e  2 T y p i c a l  exposur e  
v o l c a n i  c b e d s .
o f  c r u d e l y  s t r a t i f i e d  e p i c l a s t i c
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PLATE V
&
F i g u r e  1. Banded Precambr i an f r agmen t  i n  e p i c l a s t i c  v o l c a n i c  
b e d s .
F i g u r e  2.  U p r i g h t  o p a l i z e d  t r e e  i n  coar se  e p i c l a s t i c  
v o l c a n i c  bed.
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e i g h t  f e e t  i n  d i a m e t e r  sugges t  a mudf l ow o r i g i n  f o r  t h i s  e p i -  
c l a s t i c  m a t e r i a l .
Pa l eomagne t i c  measurements on a n d e s i t i c  c l a s t s  f rom an 
e p i c l  as t i c  v o l c a n i c  b r e c c i a  i n  sec.  16,  T. 8 S . ,  R.6 E. show a 
random s c a t t e r  o f  d i p o l e  o r i e n t a t i o n s .  Th i s  i n d i c a t e s  t h a t  
the t h e r mo - r emna n t  m a g n e t i z a t i o n  was d i s o r i e n t e d  by movement  
o f  f r agmen t s  below t h e i r  b l o c k i n g  t e m p e r a t u r e s ,  the t e mp e r a ­
t u r e  range i n  whi ch m a g n e t i z a t i o n  i s  a c q u i r e d  d u r i n g  c o o l i n g .  
Emplacement  by mudf l ow a t  t e mp e r a t u r e s  below the b l o c k i n g  
t e mp e r a t u r e s  o f  t he c l a s t s  i s  s ug ge s t e d ,  f o l l o w i n g  t he l i n e  o f  
r e a s on i n g  s t a t e d  by Aramaki  and Ak i mot o  (1957)  and Chadwick and 
McCaskey ( 1 96 8 ) .  F u r t h e r  d i s c u s s i o n  o f  pa l eomagn e t i c s  w i l l  
appear  i n  t h i s  paper  i n  a s e c t i o n  on p a l e o m a g n e t i c s .
Wel l  Bedded E p i c l a s t i c  V o l c a n i c s
The w e l l  bedded e p i c l a s t i c  beds are f a i r l y  we l l  s o r t e d ,  
l o c a l l y  c r ossbedded ,  and i n c l u d e  v o l c a n i c  sands t one ,  s i l t s t o n e  
and some b r e c c i a  and con g l omer a t e .  These l i t h o l o g i e  t ypes  
oc c u r  as beds and d i s c o n t i n u o u s  l e n s e s ,  r a n g i n g  f rom a few 
i nches  t o  hundreds o f  f e e t  t h i c k .  The beds c o n t a i n  f o s s i l  
l e a v e s ,  p l a n t  f r a g m e n t s ,  and l o c a l l y ,  an amberoid r e s i n  ( P l a t e  
V I ,  F i g u r e  1 ) .  These v o l c a n i e l a s t i c s  are p r o ba b l y  p r i m a r i l y  
w a t e r - l a i d  because the beds:  (1)  are w e l l  s t r a t i f i e d ;  (2)
are l o c a l l y  c r ossbedded ;  (3)  are f a i r l y  we l l  s o r t e d ;  (4)
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PLATE VI
F i g u r e  1. F o s s i l  m a t e r i a l  f r om e p i c l a s t i c  v o l c a n i c  beds
A. Amberoid r e s i n ,  Eh NŴ  sec.  25,  T . 8  S . ,  R.5 E.
B. Leaves and t y p i c a l  p e t r i f i e d  wood f r agmen t .
“ 18 “
commonly oc c u r  as d i s c o n t i n u o u s  l e n s e s ,  i n t e r p r e t e d  to be 
c h a n n e l s ;  ( 5 )  l o c a l l y  c o n t a i n  s t r e am- r ou n d e d  p e t r i f i e d  wood.
S t r a t i g r a p h i e  Success i on
A r e p r e s e n t a t i v e  s e c t i o n  o f  t he Eocene v o l c a n i c s  ( se cs .
6,  7 and 18,  T . 8  S . ,  R.7 E. )  ( P l a t e  I )  a l ong  t he r i d g e  wes t  o f  
Wigwam Creek sout h to t he  boundary  o f  t he map area i s  
i l l u s t r a t e d  be l ow.
TABLE I .  REPRESENTATIVE SECTION A
Feet Des c r i  p t i  on
280 A u g i t e - h y p e r s t h e n e - h o r n b l e n d e  a n d é s i t e  f l o w s
880 Cr ude l y  s t r a t i f i e d  e p i c l a s t i c  v o l c a n i c  beds
1 350 H y p e r s t h e n e - a u g i t e  a n d é s i t e  f l ows
60 I n t e r c a l a t e d  w e l l  bedded and c r u d e l y  
e p i c l a s t i c  v o l c a n i c  beds
s t r a t i f i e d
160 Hypers t h e n e - a u g i  t e  a n d é s i t e  f l ov/s
•
Pr ecambr i an  me t amor ph i c  rock
u n c o n f o r m i t y
A r e p r e s e n t a t i v e  s e c t i o n  ( s e c s .  14,  23 and 26 ,  T . 8  S . ,  
R.6 E. ) ( P l a t e  I )  a l ong  t he  r i d g e  west  o f  G r i z z l y  Creek sou t h
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to t he boundary  o f  t he map area i s  i l l u s t r a t e d  i n  Tabl e 11
TABLE I I .  REPRESENTATIVE SECTION B
Feet D e s c r i p t i o n
Top Eroded
120 A u g i t e - h o r n b l e n d e - h y p e r s t h e n e a n d é s i t e f  1 ows
160 Cr ude l y  s t r a t i f i e d  e p i c l a s t i c v o l c a n i c beds
i  80 A u g i t e - h o r n b l e n d e - h y p e r s t h e n e a n d é s i t e f l ows
< 160 Cr ude l y  s t r a t i f i e d  e p i c l a s t i c v o l c a n i c beds
160 I n t e r c a l a t e d  a u g i t e - h y p e r s t h e n e - h o r n b l e n d e  
a n d é s i t e  f l o w s  and e p i c l a s t i c  v o l c a n i c  beds
320 A u g i t e - h y p e r s t h e n e - h o r n b l e n d e a n d é s i t e f  1 ows
720 Crude l y  s t r a t i f i e d  e p i c l  as t i c  
l o c a l l y  i n t e r c a l a t e d  w i t h  we l l  
v o l c a n i c  beds and l enses
v o l c a n i c
bedded
beds,  
e p i c l a s t i c
40 A u g i t e - h y p e r s t h e n e - h o r n b l e n d e s i l l s
960 Cr ude l y  s t r a t i f i e d  e p i c l  as t i c  v o l c a n i c  
l o c a l l y  i n t e r c a l a t e d  w i t h  we l l  bedded 
e p i c l a s t i c  v o l c a n i c  beds and l enses
beds ,
Covered
A r e p r e s e n t a t i v e  s e c t i o n  ( secs .  30 and 31, T.8 S . ,  R.6 E. ,
s e c . 6, T. 9 S . ,  R.6 E . ,  secs .  25 and 26, T. 8  S . , R.5 E. ,  sec.
1,  T. 9  S . ,  R.5 E. )  ( P l a t e  I )  a l ong  the boundary  between Park 
and G a l l a t i n  Coun t i es  south f rom Tom Mi ner  Creek t o  t he
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Ye l l ows t o ne  N a t i o n a l  Park boundary i s  i l l u s t r a t e d  i n  Tab l e  I I I  
TABLE I I I .  REPRESENTATIVE SECTION C
Feet Des c r i  p t i  on
Eroded top
120 A u g i t e - h o r n b l e n d e - h y p e r s t h e n e  a n d é s i t e  f l ows
400 I n t e r c a l a t e d  c r u d e l y  s t r a t i f i e d  and we l l  bedded 
e p i c l a s t i c  v o l c a n i c  beds,  w e l l  bedded zones 
decrease i n  abundance upward
80 A u g i t e - h y p e r s t h e n e  a n d é s i t e  f l ows
80 I n t e r c a l a t e d  c r u d e l y  s t r a t i f i e d  and we l l  
e p i c l a s t i c  v o l c a n i c  beds
bedded
80 A u g i t e - h y p e r s t h e n e  a n d é s i t e  f l o ws
1 840 I n t e r c a l a t e d  we l l  bedded and c r u d e l y  s t r a t i f i e d  
e p i c l a s t i c  v o l c a n i c  beds,  w e l l  bedded zones 
decrease i n  abundance upward
Covered
Exami na t i on  o f  Tabl es  I ,  I I  and I I I  and P l a t e  I sugges t  
t h a t  i n  a wes t ward d i r e c t i o n ,  t he uppermost  a n d é s i t e  f l ows  
t h i c k e n  ( P l a t e  I ,  sec.  26,  T. 8  S . ,  R.6 E. )  ( Tab l e  I I )  becoming 
i n t e r b e d d e d  w i t h  e p i c l a s t i c  v o l c a n i c  beds near  Sheep Mount a i n  
and p i nch  ou t  ( P l a t e  I ,  sec.  36,  T . 8  S . ,  R.5 E. )  west  o f  Sheep 
Mount a i n  near  the Gal 1 a t i n - Y e l 1owstone d i v i d e .
The mi dd l e  e p i c l a s t i c  v o l c a n i c  beds t h i n  ( P l a t e  I ,  sec.
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13, T . 8  S . ,  R.6 E. )  (Tab l e  I I )  wes t ward  t oward Sheep Mount a i n  
a n d  become i n c r e a s i n g l y  i n t e r c a l a t e d  w i t h  t h i c k e n i n g  a n d é s i t e  
f l ows .  These e p i c l a s t i c  beds t h i c k e n  agai n west  o f  Sheep 
Mountain ( P l a t e  I ,  sec.  6,  T.9 S . ,  R.5 E. )  (Tab l e  I I I )  and
become i n c r e a s i n g l y  w e l l  bedded t owar d  t he  Gal 1a t i n - Y e l 1owstone
d i v i d e .
The l owe r  a n d é s i t e  f l o w s ,  wes t ward toward Horse Creek,  
grade f r om a sequence o f  mass i ve f l o w s  ( P l a t e  I ,  sec.  12,
T.8 S . ,  R.6 E. )  ( Tab l e  I )  t o  a sequence o f  i n t e r b e d d e d  f l o ws  
and e p i c l a s t i c  v o l c a n i c  beds ( P l a t e  I ,  sec.  14,  T.8 S . ,  R.6 E. )  
(Tabl e I I ) .  The f l o w s  p i nch  ou t  west  o f  Horse Creek ( P l a t e  I ,  
sec.  15,  T . 8  S . ,  R.6 E. )  ( Tab l e  I I I ) .
Eocene I n t r u s i o n s
Andes i t es
Seven a n d é s i t e  d i k e s ,  w i t h  r e co r ded  t h i c k n e s s e s  o f  two t o  
t we l ve  f e e t  and s i x  a n d é s i t e  s i l l s ,  r a n g i n g  f rom 40 t o 80 f e e t  
i n t h i c k n e s s ,  occu r  eas t  o f  Horse Creek and sou t hwes t  o f  
Wigwam Creek.  Four  a d d i t i o n a l  s i l l s ,  20 t o  40 f e e t  t h i c k ,  are 
mapped between S u n l i g h t  and Horse Creeks.
The d i k e s  and s i l l s  are dark g r ey  and c o n t a i n  ph e n o c r y s t s
o f  p l a g i o c l a s e ,  a u g i t e ,  ho rnb l ende  and hy p e r s t h ene .
Dac i t es
A n o r t h - s o u t h  e l o n g a t e d  d a c i t i c  s t o c k ,  a p p r o x i m a t e l y  two
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square m i l e s  i n  a r e a ,  compr i ses  Sheep Mounta i n  and t he n o r t h ­
west  end o f  Sawtooth Mounta i n ( secs .  16,  21,  28,  29,  32 and 33 
T.8 S . ,  P..6 E. )  ( P l a t e  V I I ,  F i g u r e  I ) .  A smal l  n o r t h w e s t -  
e l o n g a t e d  d a c i t i c  p l u g ,  a p p r o x i m a t e l y  0 .125 square m i l e  i n  
e x pos u r e ,  i s  l o c a t e d  about  one m i l e  eas t  o f  Horse Creek 
( secs .  11,  12,  13 and 14, T.8 S . ,  R.6 E. )  and a d a c i t e  s i l l  a t  
l e a s t  80 f e e t  t h i c k  caps a r i d g e  a p p r o x i m a t e l y  0.75 m i l e s  
s ou t hwes t  o f  Sheep Mounta i n  ( secs .  5,  31 and 32,  T. 8  S . ,
R.6 E . ) .
The d a c i t e s  are l i g h t  t o dark  grey  or  r e d d i s h  grey  and 
c o n t a i n  p h e n o c r y s t s  o f  p l a g i o c l a s e ,  b i o t i t e  and h o r n b l e n d e .
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PLATE VII
F i gu r e  1. View l o o k i n g  sout h t oward Sheep Mo un t a i n ,  a 
d a c i t e  i n t r u s i o n .
A. Sheep Mounta i n  s t o c k ,  a d a c i t e  i n t r u s i o n .
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P 1 i o - P l e i s t o c e n e
Welded T u f f
Welded t u f f  e r o s i o n a l  remnants o c c u r :  (1)  eas t  o f  Sheep 
Mounta i n ( sec .  17,  T. 8  S . ,  R.7 E. )  a t  an a l t i t u d e  o f  about  7200 
f e e t ;  (2)  wes t  o f  Horse Creek ( sec .  3,  T. 8 S . ,  R.6 E . ) a t  about  
6300 f e e t ;  (3)  e a s t  o f  Wigwam Creek ( secs .  6,  7,  T . 8  S . ,  R.7 E.) 
at  about  7600 f e e t  ( P l a t e  I ) .
The d e p o s i t  e a s t  o f  Sheep Creek c o n s i s t s  o f  about  60 f e e t  
o f  wel ded t u f f ,  r e s t i n g  on a " p a l e o - s o i l "  ( P l a t e  V I I I .  F i gu r e  
1) .  The l i t h o l o g i e  sequence i s  as f o l l o w s  ( Re f e r  t o  P l a t e  
V I I I ,  F i g u r e  2 ) :
TABLE IV.  WELDED TUFF SEQUENCE
Feet  D e s c r i p t i o n
Eroded t op
2 6 ' 0 "  Pink f r i a b l e  p a r t i a l l y  wel ded t u f f
2 3 ' 6 "  Bl ack  de n s e l y  wel ded t u f f  w i t h  l i t h o p h y s a l
c a v i t i e s  and s p h e r u l i t e s .
6 ' 11 ' '  B l ack  g l a s s y  dense l y  wel ded t u f f
2 ' 0 "  Brown p a r t i a l l y  welded t u f f
0 ' 3 "  Vo l can i  c ash
_ _ _ _ _ _ _ _ _ _ _  u n c o n f o r m i t y  (?)
covered
" pa l eo  s o i l "
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  u n c o n f o r m i t y
e p i c l a s t i c  v o l c a n i c  bed
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PLATE VIII
Figure 1
A.
B.
F i g u r e  2
A.
B.
C.
D.
E.
F.
View o f  Tom Mi ner  Bas i n l o o k i n g  e a s t .  Cr ud e l y  
s t r a t i f i e d  e p i c l a s t i c  v o l c a n i c  bed i n  l e f t  
f o r e g r o u n d .
Exposure o f  wel ded t u f f  remnant  sou t h  o f  Tom Mi ne r  
Creek and e a s t  o f  Sheep Creek.
Exposure o f  welded t u f f  n o r t h  o f  Tom Mi ner  Creek.
A
B
D
.  /'S'
4'-.
■ u  /
L i t h o l o g i e  sequence o f  wel ded t u f f  remnant  ( sec .  
17,  R.6 E. ,  T . 8  S . )  l o c a t e d  e a s t  o f  Sheep Creek.  
Pi nk  p a r t i a l l y  welded t u f f .
B l ac k  dense l y  wel ded t u f f  w i t h  l i t h o p h y s a l  c a v i t i e s  
and s p h e r u l i  t e s .
B l ack  g l a s s y  dense l y  wel ded t u f f .
Brown p a r t i a l l y  welded t u f f .
A s h .
" Pa l eo  s o i l " .
M
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The remnant  l o c a t e d  west  o f  Horse Creek,  a t  l e a s t  f o u r  
to f i v e  f e e t  t h i c k ,  i s  a p i nk  or  g r e y ,  f r i a b l e ,  p a r t i a l l y  
welded t u f f .
The wel ded t u f f  remnant  e a s t  o f  Wigwam Creek ,  about  80 
f e e t  t h i c k  i n  ex p o s u r e ,  occurs  as a h i g h l y  a l t e r e d ,  dark  
brown c r y s t a l l i n e  r o c k ,  w i t h  t h i n  wavy s t r i n g e r s  t h a t  resembl e 
f l ow band i ng .
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Qua t e r na r y
S u r f i c i a l  Depos i t s
A l l u v i a l ,  g l a c i a l  and l a n d s l i d e  m a t e r i a l  cover  o l d e r  
rocks  o f  t he map area.
The s u r f i c i a l  d e p o s i t s  o f  Tom Mi ner  Basi n are ma i n l y  
g l a c i a l  d r i f t  w i t h  mi no r  amounts o f  a l l u v i u m .
Qu a t e r na r y  d e p o s i t s  a l ong  the Ye l l o ws t o ne  R i v e r  c o n s i s t  
o f  g l a c i a l  d e b r i s ,  r e c e n t  l a n d s l i d e  m a t e r i a l  (Good,  1964) 
and a l l u v i u m .
I I I .  PETROGRAPHIC DESCRIPTIONS 
Precambr i an Met amorph i c  Rocks
Gneiss
The gne i sses  c o n t a i n  q u a r t z  (35-50%) ,  p l a g i o c l a s e  (20-  
55%), b i o t i t e  ( 5 -30%) ,  e p i d o t e  ( 0 - 1%) ,  m u s c o v i t e ,  i n c l u d i n g  
s e r i c i t e ,  ( 0 - 1%) ,  and t r a c e s  o f  g a r n e t ,  m i c r o c l i n e ,  c h l o r i t e  
and opaques.
Q u a r t z ,  b i o t i t e  and p l a g i o c l a s e  are abundant  i n  a l l  t he 
gne i sses  examined.  Sout hward t owar d  t he P r e c a m b r i a n - v o l c a n i c  
c o n t a c t  t he pe r cen t age  o f  p l a g i o c l a s e  i n c r e a s e s ,  and the 
p e r cen t age  o f  b i o t i t e  dec r eases .  Thin s e c t i o n s  i n d i c a t e  no 
c o n s i s t e n t  change i n q u a r t z  and t he mi nor  m i n e r a l s  t h r ough  
the ar ea .
Quar t z  occurs  as (1)  anhedr a l  masses and (2)  anhedra l  
t o s ubhed r a l  masses o f  i n t e r l o c k i n g  g r a i n s  up t o  4.0 mm. i n  
maximum d i mens i on .  The q u a r t z  masses are e l o n g a t e d  p a r a l l e l  
t o t he  f o l i a t i o n .  Gra i ns  are f r e s h ,  e x h i b i t  wavy e x t i n c t i o n  
•and some have r e c r y s t a l  l i  zed ma r g i ns .
P l a g i o c l a s e  occu r s  as subhedr a l  l a t h  shaped c r y s t a l s ,  
up t o  4 mm. l o n g ,  hav i ng i r r e g u l a r  boundar i es  and i n c l u s i o n s  
o f  q u a r t z  and b i o t i t e .  Compos i t i on  de t e r mi ned  by the 
" M i c h e l - L e v y  Met hod" i s  An^g,  l a b r a d o r i t e .  Most  c r y s t a l s  
are f r e s h  bu t  some are p i t t e d .  A l b i t e ,  c a r l s b a d  and
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p e r i c l i n e  t w i n n i n g  are common.
Subhedra l  b i o t i t e ,  up t o  2 mm. l o n g ,  i s  commonly b e n t ,  and 
e l o n g a t e d  p a r a l l e l  t o  t he  f o l i a t i o n .  Most  c r y s t a l s  have f r e s h  
i n t e r i o r  bu t  are commonly r immed by anhedra l  m a g n e t i t e  and 
l o c a l l y  a l t e r e d  t o c h l o r i t e  and mu s c o v i t e .
Anhedra l  e p i d o t e  c r y s t a l s  are f r e s h ,  s l i g h t l y  p l e o c h r o i c
i n  shades o f  p i n k ,  up t o  6 mm. i n  maximum d i mens i on  and occu r
i n  a g g r e g a t e s .  E x t i n c t i o n  i s  p a r a l l e l  i n  e l o n g a t e d  s e c t i o n s .
Gar net s  are a n h e d r a l ,  up t o  1.75 mm. i n maximum d i men­
s i o n ,  pa l e  p i n k  i n  t h i n  s e c t i o n  and commonly a l t e r e d  to 
s e r i c i t e  on t h e i r  ma r g i n s ,
M i c r o c l i n e  occu r s  as subhedr a l  c r y s t a l s  e x h i b i t i n g  
" g r i d i r o n  s t r u c t u r e "  and wavy e x t i n c t i o n .
S c h i s t
The s c h i s t s  are composed o f  q u a r t z  ( 33- 50%) ,  ho r nb l ende  
( 27 - 55%) ,  p l a g i o c l a s e  ( 0 - 32%) ,  b i o t i t e  ( 0 - 7%) ,  ma g n e t i t e  (1%) 
and epi  dote (0-1%) .
In t he s l i d e s  exami ned,  b i o t i t e  and p l a g i o c l a s e  are 
l o c a l l y  absent  and p l a g i o c l a s e  may be p r e s e n t  as p o r p h y r o -  
b l a s t s .  A l l  m i n e r a l  g r a i n s  i n  t he s c h i s t  are p a r a l l e l  t o 
t he  f o l i a t i o n .
Quar t z  i s  l o c a l l y  c a t a c l a s t i c ,  r e c r y s t a l l i z e d  and c o n t a i n s  
many u n i d e n t i f i a b l e  c r y s t a l l i t e s .  I n d i v i d u a l  g r a i n s  are
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anhedra l  t o  s u b h e d r a l ,  and up to 0 .5  mm. i n  maximum d i me ns i on .  
Wavy e x t i n c t i o n  and g r a p h i c  i n t e r g r o w t h s  are e v i d e n t .
Pale green subhedr a l  t o  anhedr a l  c o n t o r t e d  l a t h s  o f  
h o r nb l end e  up t o  1 . 0  mm. l ong are p r e s e n t .  Some g r a i n s  are 
seam- t wi nned and o t h e r s  r i m b i o t i t e .  Anhedra l  ma g n e t i t e  r i ms 
some g r a i n s  and i s  i n c l u d e d  i n  o t h e r s .
P l a g i o c l a s e  appears as s ubhed r a l  l a t h s  up t o  0 . 5  mm. 
l ong  and i s  commonly a l b i t e ,  c a r l s b a d  and p e r i  c l i ne t w i n n e d .  
Some g r a i n s  are zoned.
B i o t i t e  i s  p r e s e n t  as deformed subhedr a l  f l a k e s  up t o  
0 . 75 mm. l ong .
E p i d o t e  occu r s  as anhedra l  g r a i n s  up t o  0.1 mm. i n  
maximum d i mens i on .
S c h i s t o s e  Q u a r t z i t e
The green s c h i s t o s e  q u a r t z i t e  c o n t a i n s  quar t z  (97-98%) 
and m u s c o v i t e ,  i n c l u d i n g  s e r i c i t e  (2-3%) .  Both muscov i t e  
and q u a r t z  are e l o n g a t e d  p a r a l l e l  to t he f o l i a t i o n .
Most  q u a r t z  g r a i n s  are 1.5 mm. l o n g ,  have wavy e x t i n c t i o n  
and an i n t e r l o c k i n g  t e x t u r e .  I n d i v i d u a l  g r a i n s  form sub­
p a r a l l e l  bands.
G r a n u l i t e
Based on one t h i n  s e c t i o n ,  t he  g r a n u l i t e  i s  composed o f
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p l a g i o c l a s e  (45%),  a u g i t e  (45%),  g r a p h i c  i n t e r g r o w t h s  (5%),  
magne t i t e  and h e m a t i t e  (2%),  ho r nb l ende  (1%),  b i o t i t e  (1%) 
and t r a c e s  o f  m i c r o c l i n e .
P l a g i o c l a s e ,  commonly zoned,  b e n t ,  c o r r oded  and 
f r a c t u r e d ,  occu r s  as subhedr a l  l a t h s  up t o 3.0 mm. l o n g .
Anhedra l  t o  subhedr a l  a u g i t e ,  up t o 2 mm. i n  maximum 
d i mens i on and subhed r a l  books o f  b i o t i t e ,  up t o 1.25 mm. 
l on g ,  are a l t e r e d  t o  ho r nb l ende  a l ong t h e i r  mar g i ns .
M i c r o c l i n e  and g r a p h i c  i n t e r g r o w t h  are random i n  i n t e n s i t y  
and m a g n e t i t e  and h e ma t i t e  occu r  as a l t e r a t i o n  p r oduc t s  o f  
a u g i t e .
S i l l s
The s i l l s  e x h i b i t  d i a b a s i c  t e x t u r e  and c o n s i s t  o f  p l a g i o ­
c l ase  ( 40- 50%) ,  a u g i t e  (40-50%) i n t e r s t i t i a l  g r a p h i c  i n t e r -  
growths  ( 0 - 1%) ,  hype r s t hen e  (0-1%) and ho r nb l ende  ( l e s s  than 
1 %) .
Anhedra l  a u g i t e ,  up to 1.25 mm. i n  d i a m e t e r ,  i s  seam- 
t w i nned  and l o c a l l y  u r a l i z e d  t o h o r n b l e n d e .
Subhedra l  l a t h s  o f  p l a g i o c l a s e ,  up t o  1.5 mm. l o n g ,  have 
a c o mp o s i t i o n  o f  An^g,  l a b r a d o r i t e  ( M i c h e l - L e v y  Method) .
Ma g n e t i t e  r i ms  and i s  i n c l u d e d  i n  hyper s t hene  and 
a u g i t e  :
Metamorphi sm o f  t he s i l l s  i s  sugges t ed  by:  (1)  pi  a g i o -
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c l a s e  g r a i n s  w i t h  r e c r y s t a l 1 i z e d  edges;  (2)  f r a c t u r e d  c r y s t a l s ;  
(3 )  l o c a l  c a t a c l a s t i c  s t r u c t u r e s ;  (4 )  a l t e r a t i o n  o f  a u g i t e  to 
gr een amph i bo l e .
Hand-speci mens o f  p e g m a t i t e  c o n s i s t  o f  coarse g r a i n e d  
q u a r t z ,  f e l d s p a r  and some mu s c o v i t e  and b i o t i t e .
Eocene Lava Flows
H y p e r s t h e n e - A u g i te A n d é s i t e s
These a n d é s i t e s  c o n t a i n  p l a g i o c l a s e  ( 15 - 55%) ,  a u g i t e  
( 1 - 6 %) ,  hype r s t h en e  ( 1 - 2%) ,  b a s a l t i c  ho r nb l ende  ( 0 - 2 %) ,
I sec onda r y  s i l i c a  and c a l c i t e  (0-1%)  and ground mass ( 35- 83%) .
I Phenoc r ys t s  o f  h y p e r s t h e n e  are commonly more abundan t
I t han a u q i t e .
I
j The p l a g i o c l a s e  o c c u r s  as u n o r i e n t e d  anhedr a l  t o
1 eu he d r a l  l a t h s  up t o  2 mm. l o n g .  L a r ge r  c r y s t a l s  ar e  g e n e r a l l y
I zoned,  p i t t e d  and have c o r r od e d  ma r g i ns .  S ma l l e r  c r y s t a l s  are
!
I commonly f r e s h  and a l b i t e ,  c a r l s b a d  and pe r i  c l i ne t w i n n e d .
I Comp o s i t i o n  o f  t he p h e n o c r y s t s  de t e r mi ned  by t h e  " M i c h e l - L e v y
j
I Method"  i s  An^^ ,  l a b r a d o r i t e .
I
j Anhedra l  t o  subhed r a l  a u g i t e ,  up t o 1.5 mm. i n  maximum
I '
; d i m e n s i o n ,  i s  l o c a l l y  seam- t w i nned  and r a r e l y  a l t e r e d .
Hyper s t hene i s  p l e o c h r o i c ,  i n  shades o f  l i g h t  green t o
p i n k ,  euhed r a l  t o anhed r a l  and up t o  0 . 5  mm. i n  maximum
d i me n s i o n .
-33-
B a s a l t i c  ho r nb l end e  occu r s  as subhedr a l  e l o n g a t e d  c r y s t a l s  
up  t o  1 . 2 5  mm. l ong  and i s  r immed by ma g n e t i t e  and h e m a t i t e .
The ground mass c o n s i s t s  o f  m i c r o l i t e s  o f  h y p e r s t h e n e ,  
a u g i t e ,  p l a g i o c l a s e ,  anhedr a l  ma g n e t i t e  and c r y s t a l l i t e s .
A u g i t e - H o r n b l e n d e - H y p e r s t h e n e  Andés i t es
A u g i t e  and ho r nb l ende  are t he  most  abundant  p h e no c r y s t s  
in t hese a n d é s i t e s .  In t he uppermost  a n d é s i t e  f l ows  o f  t he  
map a r ea ,  ho r nb l ende  p h e n o c r y s t s  are n e a r l y  as abundant  as 
augi  t e .
These a n d é s i t e s  c o n t a i n  p l a g i o c l a s e  ( 15-55%) ,  a u g i t e  
(1-6%) ,  hyp e r s t hen e  ( 1 - 3%) ,  b a s a l t i c  ho r nb l ende  (0 - 2%) ,  
ho r nb l ende ( 1 - 2%) ,  and ground mass (35-85%) .
P l a g i o c l a s e  l a t h s ,  up t o  4 mm. l ong are commonly a l b i t e ,  
c a r l s b a d  and pe r i  c l i ne t w i n n e d .  L a r ge r  c r y s t a l s  are commonly 
zoned,  p i t t e d  and have c o r r od ed  b o u n d a r i e s .  Sma l l e r  c r y s t a l s  
are g e n e r a l l y  f r e s h .  Compos i t i on  o f  ph en o c r y s t s  de t e r mi ned  
by t he  " M i c h e l - L e v y  Method"  i s  Ang^ -An^g,  l a b r a d o r i t e .
A u g i te  p h e n o c r y s t s  are commonly f r e s h ,  anhedra l  t o  sub­
hedra l  and up t o  1.25 mm. i n  maximum d i mens i on .  Seam- twi nned 
phenoc r ys t s  are common.
Hornb l ende p h e n o c r y s t s  are f r e s h  to h i g h l y  a l t e r e d ,  
e l o n g a t e ,  subhedr a l  t o  euhedr a l  and up to 1.25 mm. l ong .
Most c r y s t a l s  are p l e o c h r o i c  i n shades o f  g r een ,  some are
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seam-tv/ i  n n e d .
Hype r s t hene  appears  as s ub hed r a l  t o  anhedr a l  c r y s t a l s  of  
p r i s m a t i c  h a b i t ,  up t o  1.25 mm. l o n g .
The gr ound mass c o n s i s t s  o f  m i c r o l i t e s  o f  p l a g i o c l a s e ,  
a u g i t e ,  h o r n b l e n d e ,  anhedr a l  m a g n e t i t e  and c r y s t a l  1 i t e s  .
Eocene C r u d e l y  S t r a t i f i e d  E p i c l a s t i c  V o l c a n i c  Beds
Most  c l a s t s  i n  t he  c r u d e l y  s t r a t i f i e d  e p i c l a s t i c  v o l c a n i c  
beds have p é t r o g r a p h i e  d e s c r i p t i o n s  s i m i l a r  to t he  a n d é s i t e  
f l o ws  and d a c i t e  i n t r u s i o n s  o f  t he  map a r ea .  D a c i t e  c l a s t s  ar e  
r a r e .  Pr ecambr i an  c l a s t s  are v e r y  r a r e .  None were obs e r v e d  
i n  t h i n  s e c t i o n .
The m a t r i x  c o n t a i n s  c r y s t a l s  o f  a u g i t e ,  h y p e r s t h e n e , 
p l a g i o c l a s e ,  b a s a l t i c  h o r n b l e n d e ,  m a g n e t i t e ,  spar se  h o r n b l e n d e  
and sma l l  a n d é s i t e  and d a c i t e  p a r t i c l e s .  L o c a l l y ,  t he  m a t r i x  
i s  cemented by s i l i c a  and c a l c i t e .
Eocene Wel l  Bedded E p i c l a s t i c  V o l c a n i c  Beds
The w e l l  bedded e p i c l a s t i c  v o l c a n i c  beds are composed of  
c r y s t a l s  o f  a u g i t e ,  h y p e r s t h e n e ,  p l a g i o c l a s e ,  b a s a l t i c  h o r n ­
b l e n d e ,  m a g n e t i t e ,  spar se  h o r n b l e nd e  and a n d é s i t e  and d a c i t e  
f r a g m e n t s .  The p l a g i o c l a s e  i s  commonly s a u s s u r i t i z e d . 
Cement a t i on  by s i l i c a  and c a l c i t e  i s . common.
-35-
Eocene I n t r u s i o n s
A n d é s i t e  Di kes
In t he  s l i d e s  exami ned,  t he  d i k e s  had p é t r o g r a p h i e  
c h a r a c t e r i s t i c s  s i m i l a r  t o  t he  a u g i t e - h o r n b l e n d e - h y p e r s t h e n e  
a n d é s i t e  f l o ws  o f  t he  map a r ea .
A n d é s i t e  S i l l s
S i l l s  a s s o c i a t e d  w i t h  a u g i t e - h y p e r s t h e n e  o r  a u g i t e -  
ho r nb l  e n d e - h y p e r s t h e n e  a n d é s i t e  f l o w s  have s i m i l a r  p é t r o ­
g r a p h i e  d e s c r i p t i o n s .
D a c i t e  I n t r u s i o n s
The s i m i l a r i t y  i n  c o m p o s i t i o n  among t he d a c i t e  bod i es  
i n  t he map area sugges t s  t hey  are connec t ed at  de p t h .
The d a c i t e  c o n t a i n s  p l a g i o c l a s e  ( 5 - 6%) ,  ho r nb l end e  
( l e s s  than 1-4%) ,  b i o t i t e  ( l e s s  t han 1-2%) and ground mass 
(89-95%) .
The p l a g i o c l a s e  occu r s  as s ubhed r a l  t o  anhedra l  u n o r i e n t e d  
c r y s t a l s  up t o  3.25 mm. l o n g .  The l a r g e r  p h e n o c r y s t s  are 
-commonly a n h e d r a l ,  zoned,  p i t t e d ,  and c o r r oded  ar ound t he  
ma r g i ns .  S m a l l e r  c r y s t a l s  are f r e s h ;  some are a l b i t e  and 
c a r l s b a d  t w i n n e d .  The c o m p o s i t i o n ,  de t e r mi ned  by t he  " M i c h e l -  
Levy Me t hod " ,  i s  An^-j t o  An^g*  an de s i n e .
Hornb l ende  appears  as p o o r l y  t e r m i n a t e d  e l o n g a t e  c r y s t a l s
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up to  3 . 0  mm. l o n g .  The h o r n b l e n d e  i s  commonly seam- t w i nned  
and r immed by anhedr a l  m a g n e t i t e .
B i o t i t e  occu r s  as t a b u l a r  and p r i s m a t i c  c r y s t a l s  up t o  
2 . 0  mm. i n  maximum d i me n s i o n .  C r y s t a l s  are commonly f r e s h ;  
some c o n t a i n  i n c l u s i o n s  o f  m a g n e t i t e .
P I i o - P l e i s t o c e n e  Welded T u f f
C h a r a c t e r i s t i c s  Common t o  t he  Welded T u f f  Remnants
Phen oc r y s t s  o f  q u a r t z ,  p l a g i o c l a s e ,  o r t h o c l a s e  and a u g i t e  
comp r i s e  1 t o  2 p e r c e n t  o f  t he  wel ded t u f f s -  B i o t i t e  pheno­
c r y s t s  are s p a r s e .
Fragments o f  a n d e s i t i c  and d a c i t i c  c o m p o s i t i o n  are 
1o c a l l y  abundant .
Vapor - phase m i n e r a l s  o c c u r  i n  pore spaces.  D e v i t r i f i ­
c a t i o n  m i n e r a l s  occu r  i n  g l a s s .
Vapor - phase  m i n e r a l s  are c o a r s e r  than d e v i t r i f i c a t i o n  
m i n e r a l s  bu t  bo t h  are t oo smal l  t o  be i d e n t i f i e d  by mi c r o s c o pe  
Smi th (1960)  f i n d s  d e v i t r i f i c a t i o n  m i n e r a l s  are c h i e f l y  
c r i s t o b o l i t e  and f e l d s p a r  and v apor - phase  m i n e r a l s ,  i n  
r h y o l i t e  ash f l o w s ,  are p r e d o m i n a n t l y  a l k a l i c  f e l d s p a r ,  
t r i d y m i t e  and c r i s t o b o l i t e .
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Welded T u f f  Remnant  East  o f  Sheep Creek 
Zones De s c r i be d  f rom Bot tom to  Top
Brown P a r t i a l l y  Welded Zone
Shards ben t  around c r y s t a l s  and b a r e l y  c o l l a p s e d  pumice 
f r ag men t s  sugges t  compr es s i o n .  Wel d i ng i s  no t  i n t e n s e  but  
undef ormed shards  are r a r e ,
H e m a t i t i c  s t a i n i n g ,  r e s u l t i n g  i n  a d u l l  brown c o l o r ,  
sug ges t s  o x i d a t i o n .
No d e v i t r i f i c a t i o n  o r  v ap o r - phase  m i n e r a l s  are e x h i b i t e d .
B l ack  Gl assy  Densel y  Welded Zone
Dense w e l d i n g  i s  i l l u s t r a t e d  by f l a t t e n e d  s e v e r e l y  
de f ormed shards and f l a t t e n e d  pumice f r agmen t s  t h a t  have n e a r l y  
l o s t  a l l  s t r u c t u r e .
Th i n  s e c t i o n s  d i d  no t  d i s p l a y  d e v i t r i f i c a t i o n  o r  v a p o r -
\ phase m i n e r a l s .
B l ack  Densel y  Welded Zone w i t h  L i t h o p h y s a l  C a v i t i e s  and , 
S p h e r u l i  t es
Dense w e l d i n g  i s  i l l u s t r a t e d  by s e v e r e l y  f l a t t e n e d  and 
def ormed shards  and pumice f r a g m e n t s .  Shard s t r u c t u r e  i s  
d e s t r o y e d  near  l i t h o p h y s a l  c a v i t i e s  and l o c a l l y  by d e v i t r i f i ­
c a t i o n  m i n e r a l s  wh i ch  c u t  ac r oss  shard s t r u c t u r e .  D e v i t r i f i ­
c a t i o n  m i n e r a l s ,  t oo  smal l  t o  be i d e n t i f i e d ,  are c o a r s e r  i n  
pumice f r a gme n t s  t han s ha r ds .  D e v i t r i f i c a t i o n  f orms r a d i a l  
a g g r e g a t e s  o f  m i n e r a l s  i n  s p h e r u l i t e s  and l o c a l l y  a x i o l i t i c
“ 38 "
s t r u c t u r e  i n  s ha r ds .
Pi nk  P a r t i a l l y  Welded Zone
Shard s t r u c t u r e  i s  a l mo s t  c o m p l e t e l y  d e s t r o y e d  by 
d e v i t r i f i c a t i o n  and vapo r - phase  m i n e r a l s .  D e v i t r i f i c a t i o n  
m i n e r a l s ,  t oo  smal l  t o  be i n d e n t i f i e d ,  are coarse i n  pumice 
f r a gme n t s  and s p h e r u l i t e s  and f i n e r  i n  s ha r ds .  Vapor -  
phase m i n e r a l s ,  a l t h o u g h  u n i d e n t i f i a b l e ,  are c o a r s e r  t han  
d e v i t r i f i c a t i o n  m i n e r a l s .
Wel d i ng  i s  no t  as i n t e n s e  as i n  d e ns e l y  welded zones 
bu t  more i n t e n s e  t han  i n  t he  brown p a r t i a l l y  welded zone.
Welded T u f f  Remnant  West o f  Horse Creek
The rock  exposed p e t r o g r a p h i c a l l y  resembles the p i n k  
p a r t i a l l y  we l ded zone o f  t he  remnant  e a s t  o f  Sheep Creek.
Welded T u f f  Remnant East  o f  Wigwam Creek
Shard s t r u c t u r e  i s  a l mos t  c o m p l e t e l y  d e s t r o y e d  by 
d e v i t r i f i c a t i o n .  Where o b s e r v a b l e ,  shar ds  are def ormed and 
f l a t t e n e d .  Wel d i ng i s  p r e s e n t  bu t  no t  i n t e n s e .
I n c l u s i o n s  o f  a n d e s i t i c  ( p l a g i o c l a s e ,  a u g i t e ,  h y p e r s t h e n e  
p h e n o c r y s t s )  and d a c i t i c  ( p l a g i o c l a s e ,  ho r nb l ende  p h e n o c r y s t s )  
c l a s t s  up t o  s i x  i nch es  i n  d i a m e t e r ,  a r e  p r e s e n t .
R e f r a c t i v e  I ndex  o f  Gl asses
The r e f r a c t i v e  i nd ex  o f  t he  ash a t  t he base o f  t he  welded
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t u f f  remnant  e a s t  o f  Sheep Creek was f ound t o  be 1. 501.  The 
r e f r a c t i v e  i n d e x  o f  g l ass  shards o b t a i n e d  f rom the o t h e r  
welded t u f f  remnants i s  1.500 t o  1 . 502 .  A compar i son w i t h  
George ' s  (1924)  graph ( p e r c e n t  SiOg vs.  i ndex  o f  r e f r a c t i o n )  
suggest s  t he  p e r c e n t  s i l i c a  o f  t he rock  i s  about  72.5.  Th i s  
amount o f  s i l i c a  sugges t s  c l a s s i f i c a t i o n  o f  t he o r i g i n a l  
magma as r h y o l i t i c  (Bowen,  1928) .
IV.  STRUCTURE
pr ecambr l an
Pr eCambr ian f o l i a t i o n  s t r i k e s  N30-60W and d i ps  43-55NE 
on t he  e a s t e r n  and n o r t h e r n  mar g i ns  o f  t he  Precambr i an o u t c r o p  
area and s t r i k e s  N50-70E and d i ps  28-90NW on t he wes t e r n  
marg i n .  The r e s u l t i n g  c o n f i g u r a t i o n  i s  a no r t hwa r d  p l u n g i n g  
an t i  f o r m .
The d i k e s  i n  t he  Pr ecambr i an metamorphi c  rock  s t r i k e  
N70E and d i p  25NW.
Eocene E x t r u s i v e  Rocks
The s t r i k e  o f  t he  i n t e r c a l a t e d  e p i c l a s t i c  v o l c a n i c  beds 
and a n d é s i t e  f l o ws  i s  g e n e r a l l y  n o r t h w e s t .  L o c a l l y ,  d i p s  
are as much as 40 degrees but  most  are near  h o r i z o n t a l .
Eocene A n d é s i t e  Di kes
L o c a l l y ,  a n d é s i t e  d i kes  are I r r e g u l a r  i n  a t t i t u d e .  
Recorded s t r i k e s  va r y  f r om N50-85W. Dips var y  f rom v e r t i c a l  
to 65N.
Eocene Da c i t e  I n t r u s i o n s
The Sheep Mount a i n  s t oc k  l ac k s  f l o w  s t r u c t u r e .  The p l ug 
east  o f  Horse Creek has near  v e r t i c a l  f l o w  bandi ng near  i t s  
mar g i ns .  Where exposed,  t he s i l l  s o u t h e a s t  o f  Sheep Mount a i n  
has a b r e c c i a t e d  base.
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A n o r t h w e s t  t r e n d i n g  near  v e r t i c a l  f a u l t ,  e s t i m a t e d  t o  
have f o u r  t o  s i x  f e e t  o f  d i s p l a c e m e n t ,  i s  l o c a t e d  west  o f  t he 
head o f  Horse Creek ( sec .  34,  T.8 S . ,  R,6 E . ) .  Doming o f  
beds by t he Sheep Mount a i n  d a c i t e ,  t he exposed c o n t a c t  o f  
whi ch i s  l o c a t e d  0 . 50  m i l e s  n o r t h ,  cou l d  have produced the 
f a u l t i n g .
A v e r t i c a l  n o r t h e a s t  t r e n d i n g  f a u l t  w i t h  780 to 820 f e e t  
o f  s t r a t i g r a p h i e  d i s p l a c e me n t  i s  l o c a t e d  a t  t he head o f  Tom 
Mi ner  Creek on t he  west  f l a n k  o f  Big Horn Peak ( sec .  12,
T.9 S . ,  R.5 E. ) .  H. W. Smedes ( o r a l  commun i ca t i on ,  1968)  
f e e l s  t h a t  doming o f  t he  beds on Big Horn Peak i s  p r o b a b l y  
r e l a t e d  t o  a d a c i t e  i n t r u s i o n .  Th i s  suggest s  the f a u l t  cou l d  
have been produced by t he  doming.
Doming o f  beds,  f l o w  bandi ng and a b r e c c i a t e d  base 
sugges t  t he  d a c i t e s  were f o r c i b l y  emplaced.
Deep Creek Normal  F a u l t
The t r a c e  o f  t he  n o r t h w e s t  t r e n d i n g  Deep Creek normal  
f a u l t ,  a f a u l t  bound i ng t he n o r t h w e s t  s i de  o f  t he B e a r t o o t h  
b l o c k ,  i s  exposed about  one m i l e  n o r t h e a s t  o f  t he map area 
and t r e n d s  t oward t he  map a r ea .  D i sp l acemen t  o f  fans suggest s  
r e c e n t  movement a l ong t h i s  f a u l t  n o r t h w e s t  o f  the map a r ea .
No s u r f a c e  e x p r e s s i o n  o f  t h i s  f a u l t  i s  r ec ogn i z ed  i n  t he  map 
ar ea .  Precambr i an g r a n i t i c  gne i ss  and h o r n b l e n d e - b i o t i t e  
s c h i s t s  can be t r a c e d  w i t h  no appar en t  o f f s e t  f rom Dome
“ 42 “
Mo u n t a i n ,  one m i l e  n o r t h e a s t  o f  t he  map a r e a ,  sou t hwes t wa r d  
t o  nea r  t he  mouth o f  Tepee Creek (R.  Kern ,  k Mackin and R. 
M c N e i l ,  o r a l  c ommun i c a t i on ,  1969) .  H o r n b l e n d e - b i o t i t e  s c h i s t s ,  
s t r i k i n g  N40W and d i p p i n g  4 8 - 5 0 NE ar e  l o c a t e d  on both s i d e s  o f  
Tom Mi n e r  Creek near  i t s  mouth.  These f a c t o r s  sugges t  s o u t h -  
wes t war d  e x t e n s i o n  o f  t he Deep Creek f a u l t  i f  any ,  I s  l i m i t e d  
t o  a s o u t h w e s t  t r e n d i n g  s t r i p  abou t  o n e - q u a r t e r  m i l e  wi de 
p a r a l l e l i n g  Tom Mi ner  Creek i n  secs, 25,  30 and 36,  T. 7 S . ,
R-6 E, I f  t he  f a u l t  i s  l o c a t e d  i n  t h i s  s t r i p ,  l i t t l e  d i s p l a c e -  
j ment  i s  sugges t ed  because Pr ecambr i an  h o r n b l e n d e - b i o t i t e
I s c h i s t s  w i t h  s i m i l a r  a t t i t u d e s  and o r i e n t a t i o n s  would be
I l o c a t e d  on bo t h  s i des  o f  t he f a u l t .  Welded t u f f  r emnants
\ l o c a t e d  on bo t h  s i des  o f  Tom Mi ne r  Cr eek ,  sec .  3,  T ,8 S - ,
j R.6 E, ,  a l t i t u d e  o f  6300 f e e t  and i n  sec,  35,  T,7 S . ,  R,6 E, ,
! j u s t  o f f  t he  map area a t  an a l t i t u d e  o f  6080 f e e t ,  s ugges t
I l i t t l e  i f  any d i s p l a c e me n t  a l o ng  Tom Mi ner  Creek s i nc e
I empl acement  o f  t he  wel ded t u f f .  I f  t he  f a u l t  swings s o u t h - '
I wes t war d  up Wigwam, G r i z z l y ,  Hor se ,  Sheep,  Walsh or  Tom Mi ne r
I; Cr ee ks ,  no a p p r e c i a b l e  o f f s e t  i s  r e c o g n i z e d  i n  w e l l - b e d d e d
|- epi  c l  as t i c  v o l c a n i c  beds and a n d é s i t e  f l o w s -
i
I ’ Span i sh  Peaks and Ga r d i ne r  F a u l t s
The t r a c e  o f  t he n o r t h w e s t - t r e n d i n g  Spani sh Peaks r e v e r s e  
f a u l t  i s  exposed about  f i v e  m i l e s  n o r t h w e s t  o f  t he  map a r e a .  
The t r a c e  o f  t he  n o r t h w e s t - t r e n d i n g  G a r d i n e r  r e v e r s e  f a u l t  i s
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exposed a p p r o x i m a t e l y  s i x  m i l e s  s ou t he a s t  o f  t he  map area 
( F i g u r e  2 ) ,  General  a l i g n m e n t  o f  t hese f a u l t s  suggest  t hey  
may r e p r e s e n t  t he same f a u l t  t r e n d  ( W i l s o n ,  1934;  McMannis 
and Chadwi ck ,  1964) .  However ,  t he age r e l a t i o n s h i p  between 
t hese f a u l t s  has no t  been e s t a b l i s h e d  ( Rup pe l ,  1968) ,  and no 
s u r f a c e  e x p r e s s i o n  o f  t hese  f a u l t s  i s  r e c o g n i z e d  i n  t he map 
ar ea .  A l i g nme n t  o f  t he  Spani sh Peaks r e v e r s e  f a u l t  w i t h  
p a r t  o f  t he  Western Absaroka b e l t  v o l c a n i c  c e n t e r s  sugges t s  
i t  i s  not  an e x t e n s i o n  o f  t he  Gar d i ne r  f a u l t .
The d a c i t e  i n t r u s i o n s  and n o r t h we s t  s t r i k i n g  a n d é s i t e  
d i kes  ( secs .  13,  16,  21,  22,  23,  24,  28,  29,  31 and 32,
1,8 S . ,  R.6 E. )  o f  t he map area are a l l  l o c a t e d  al ong t he 
po t ass i um poor  Western Absaroka b e l t ,  l a b e l e d  K“ on F i g u r e  2,  
as e s t a b l i s h e d  by Chadwick ( 1968) .  A l i g nme n t  o f  the a n d é s i t e  
d i kes  and d a c i t e  i n t r u s i o n s  w i t h  t he Western Absaroka b e l t  
and Spani sh Peaks f a u l t  sugges t s  t h a t  s h e a r i n g ,  f r a c t u r i n g  
and pr e-Eocene f a u l t i n g  c r e a t e d  a zone of  weakness a l ong  whi ch 
the a n d é s i t e  d i k e s  and d a c i t e  i n t r u s i o n s  were emplaced.
V. PALEOMAGNETICS
• When a l a v a  c o o l s ,  magne t i c  m i n e r a l s  t ake  on a magne t i c
I moment whi ch i s  a l i g n e d  p a r a l l e l  t o  t he  e a r t h ' s  magne t i c  f i e l d
I  a t  t he  t i me  o f  c r y s t a l l i z a t i o n .  Th i s  a l i g n m e n t  o f  magne t i c
p. moments causes t he  r ock  t o  become s l i g h t l y  magne t i zed .  Each
I
I r oc k  f r a g me n t  w i l l  have a n o r t h  s e e k i n g  and south s e e k i n g  p o l e ,
I a d i p o l e .  The o r i e n t a t i o n  o f  t h i s  magne t i c  d i p o l e  i s  u s u a l l yI
I a l t e r e d  o n l y  by r e h e a t i n g  o r  l i g h t n i n g  s t r i k e .  O r i e n t a t i o n
I
I o f  a r o c k  f r a g m e n t ' s  magne t i c  d i p o l e  may be r ecor ded  u s i n g  a
i
I B r un t on  compass and a p o r t a b l e  f l u x g a t e  magnet omet er .  The
I
I magne t omet er  i s  used t o  l o c a t e  t he p o s i t i o n  o f  t he n o r t h  (N)
I and sou t h  (S)  s ee k i ng  p o l e s .  The n o r t h  (N) and sou t h  (S)
I
; s e e k i n g  po l es  are marked on each f r a g m e n t .  Then t he f r a g me n t
I i s  p l a c ed  i n  i t s  o r i g i n a l  o r i e n t a t i o n  and t he  o r i e n t a t i o n  o f
I a l i n e  ( t h e  d i p o l e )  p a s s i n g  t h r o u g h  t he  n o r t h  (N) and sou t h  (S)
i s e e k i n g  po l es  i s  measured.  O r i e n t a t i o n s  p a r a l l e l  o r  n e a r l y
! p a r a l l e l  t o  t he  e a r t h ' s  p r e s e n t  magne t i c  d i p o l e ,  n o r t h  seek i ng
!
Ï po l e  p o i n t i n g  n o r t h wa r d  and d i p p i n g  downward,  are c a l l e d
'} no r ma l .  O r i e n t a t i o n s  w i t h  t he  sou t h  s e e k i n g  po l e  p o i n t i n g
I
i * n o r t h w a r d  and d i p p i n g  downward are c a l l e d  r e v e r s e d .  These
o r i e n t a t i o n s ,  normal  and r e v e r s e d ,  are " f i x e d "  i n  t he  l a v a  
upon c o o l i n g .  D i f f e r e n c e s  i n  t he  a t t i t u d e  o f  t he d i p o l e  are 
t h o u g h t  t o  be r e f l e c t  a r e v e r s a l  o f  t he  e a r t h ' s  magne t i c  f i e l d .
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Magnet i c  d i p o l e  o r i e n t a t i o n s  o f  a n d é s i t e  f l o w s ,  d a c i t e  
i n t r u s i o n s ,  wel ded t u f f  remnants and a s i l l  i n t he Precambr i an  
metamorphi c  rock  are l i s t e d  i n  Tab l e  V.
Ex ami na t i on  o f  Tab l e  V shows a n d é s i t e  f l ows  w i t h ,  
az i mut hs  o f  10-40 degrees and d i p s  o f  37-51 degrees ,  n o r t h  
seek i ng  po l e  down,  normal  o r i e n t a t i o n s .  E. L.  McCaskey ( o r a l  
commun i ca t i on ,  1969)  f ound a n d é s i t e  f l o ws  south o f  t he map area 
at  an a l t i t u d e  o f  about  5900 t o  6780 and 9360 t o 9680 f e e t ,  
w i t h  r e v e r s e d  d i p o l e  o r i e n t a t i o n s .  Th i s  sugges t s  a n d é s i t e  
f l ows  o f  t he  map area between 5900 t o  6780 and 9460 to  9680 
f e e t  may have r e v e r s e d  d i p o l e  o r i e n t a t i o n s .
The d i p o l e  o r i e n t a t i o n  o f  t he t h i r d  d a c i t e  sample i n  
Tabl e V i s  q u e s t i o n a b l e  because:  (1)  t he  d a c i t e  forms a r i d g e
t h a t  has been s t r u c k  by l i g h t n i n g  and (2)  t he d a c i t e  i s  weak l y  
magnet i zed making t he  d i p o l e  o r i e n t a t i o n s  r e a d i n g  very 
u n c e r t a i n .  I f  t he  d i p o l e  o r i e n t a t i o n s  are c o r r e c t ,  a r e v e r s a l  
o f  t he e a r t h ' s  magne t i c  f i e l d  i s  sugges t ed between t he emp l ace­
ment  o f  t he Sheep Mount a i n  d a c i t e  and t he  d a c i t e  s i l l  s o u t h ­
west  o f  Sheep Mount a i n .
A r e v e r s a l  o f  t he  e a r t h ' s  magne t i c  f i e l d  i s  a l so  sugges t ed
between t he  emplacement  o f  t he  a n d é s i t e  f l o ws  w i t h  a l t i t u d e s
f rom 7600 t o  9360 f e e t  and t he Sheep Mount a i n  d a c i t e .
A r e v e r s a l  i n  t he  e a r t h ' s  magne t i c  f i e l d  t ook  p l ace  i n
e a r l y  P l e i s t o c e n e  o r  ve r y  l a t e  P l i o c e n e  ( Naga t a ,  1961) .  I f
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TABLE V. WELDED TUFF DIPOLE ORIENTATIONS
Locat ion A l t i t u d e  Rock t y pe  I n c l i n a t i o n
D e c l i n a t i o n
SW^sec . 3 0 , T. 8 S . , R . 6 E. 7600 A n d é s i t e  f l o w  20° 4 3 ° (N) down
NW%sec.30,T.8 S . , R . 6 E. 7600 A n d é s i t e  f l o w  10° 3 7 ° (N) down
SW%sec.24,T.8 S . , R . 6 E. 8800 A n d é s i t e  f l o w  20° 3 7 ° (N) down
NE^ssec. 31 ,T.  8 S . , R . 6 E. 9000 A n d é s i t e  f l o w  40° 51° ( N) down
NE%sec. 24, T. 8 S . , R . 6 E. 9040 A n d é s i t e  f l o w  30° 4 7 ° (N) down
NW%sec. 5 , T. 9 S . , R . 6 E. 9360 A n d é s i t e  f l o w  20° 4 0 ° (N) down
NW%sec.28,T.8 
NE%sec. 21, T. 8
5 . , R . 6
5 . , R . 6
E.
E.
8400
8640
Sheep Mt .  155° 2 5 ° (S)  
Dac i t e
Sheep Mt .  Da c i t e  5 8 ° 1 5 ° ( S )
down
down
SW%sec.3 1 , T . 8 S . , R . 6 E. 9360 D a c i t e  s i l l  SW. 35° 5 7 ° (N) 
o f  Sheep Mt.
down
NW%sec.31,T.7 S . , R . 7 E. 6000 A n d é s i t e  s i l l  330° 7 0 ° (N) 
i n  Precambr i an met amor ph i c
down
rock
s e c . 1 7 , T. 8 S . , R . 6 E. 7200 Upper p i n k  235° 11°(,N) 
p a r t i a l l y  welded zone,  
remnant  ea s t  o f  Sheep Creek
down
S h  s e c . 1 7 , T. 8 S . , R . 6 E. 7200 Upper p i n k  220° 6 3 ° (N) 
p a r t i a l l y  welded zone,  
remnant  ea s t  o f  Sheep Creek
down
S h  s e c . 1 7 , T . 8 S . , R . 6 E. 7200 Mi dd l e  b l a c k  185° 3 ° ( N)  
g l a s s y  dense l y  we l ded zone,  
remnant  ea s t  o f  Sheep Creek
down
S h  s e c . 1 7 , T. 8 S . , R . 6 E. 7200 Mi dd l e  b l a c k  220° 5 ° ( N)  
g l a s s y  dense l y  wel ded zone,  
remnant  e a s t  o f  Sheep Creek
down
3̂ 5 s e c . 1 7 , T.8 S . , R . 6 E. 7200 Lower  brown 231° 11° ( N)  
p a r t i a l l y  welded zone,  
remnant  e a s t  o f  Sheep Creek
down
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t he  wel ded t u f f s  are  P I i o - P l e i s t o c e n e  i n  age,  anomalous bu t  
c o n s i s t e n t  d i p o l e  o r i e n t a t i o n s ,  n o r t h - s e e k i n g  po l e  p o i n t i n g  
sou t hwar d  and d i p p i n g  downward,  o b t a i n e d  f o r  t he  wel ded t u f f  
zones may s u g ge s t  t h e y  were d e p o s i t e d  d u r i n g  t he  P l i o c e n e -  
P l e i s t o c e n e  r e v e r s a l .
As p r e v i o u s l y  m e n t i o n e d ,  random s c a t t e r  o f  d i p o l e  
o r i e n t a t i o n s  o f  a n d e s i t i c  c l a s t s  f rom an e p i c l a s t i c  v o l c a n i c  
b r e c c i a  l o c a t e d  i n  sec .  16,  T. 8  S . ,  R.6 E. sugges t s  emp l ace ­
ment  by mudf l ows a t  t e m p e r a t u r e s  below t he b l o c k i n g  t e mp e r a ­
t u r e s  o f  t he  c l a s t s .  Tabl e  VI l i s t s  t he  o r i e n t a t i o n s  o b t a i n e d .
The empl acement  t e m p e r a t u r e  f o r  t h i s  e p i c l a s t i c  v o l c a n i c  
b r e c c i a  was e s t i m a t e d  u s i n g  h e a t i n g  cur ves  ( J / J o  vs .  T° C. )  
where t he  ma gne t i c  i n t e n s i t y  o f  a cube sawed f rom each b l o c k  
b e f o r e  h e a t i n g  ( J o )  i s  compared t o  t he magne t i c  i n t e n s i t y  o f  
t he  cube a t  v a r i o u s  t e mp e r a t u r e s  d u r i n g  h e a t i n g ,  ( J ) .  The 
t h e o r y  upon whi ch t h i s  method i s  based i s  d i s c u s s e d  i n  
Aramaki  and Ak i mot o  ( 1 9 5 7 ) .  Tabl e V I I  l i s t s  t he  emplacement  
t e m p e r a t u r e  d a t a .
Ex a mi n a t i o n  o f  Tab l e  V I I  shows an emplacement  t e mp e r a t u r e  
o f  117° C or  l e s s  i s  sugges t ed  i f  i t  i s  assumed t h a t  d u r i n g  
c o o l i n g ,  a t  l e a s t  75 p e r c e n t  o f  t he  u l t i m a t e  m a g n e t i z a t i o n  i s  
a c q u i r e d  a t  t e m p e r a t u r e s  above t h a t  o f  the f i n a l  empl acement ,  
o f  t he  b r e c c i a .  The ma gne t i c  d i p o l e s  " f r o z e n  i n t o "  t he  rock  
above t h i s  t e m p e r a t u r e  were then r o t a t e d  by c o n t i n u e d  move­
ment  o f  t he  b r e c c i a  t o  d i s o r i e n t  t he d i p o l e s .
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TABLE VI .  DIPOLE ORIENTATIONS OF CLASTS FROM AN 
EPICLASTIC VOLCANIC BED
Sample Number Dec l i  n a t i o n I n c l 1 n a t i o n
1 352° 2° ( S) down
2 26° 4° ( N) down
3 328° 9° ( S) down
4 48° 1 0 ° (N) down
5 10° 8 5 ° (S) down
6 318° 27° (N) down
7 42° 4 2 ° (N) down
8 330° 5 9 ° (N) down
9 352° 9° ( S) down
10 28° 3 6 ° (S) down
1 1 290° 52° ( S) down
12 305° 3° ( S) down
13 28° 5 6 ° (S) down
14 89° 4 8 ° (S) down
15 312° 7 9 ° (N) down
16 35° 2 8 ° (N) down
TABLE V I I . EMPLACEMENT TEMPERATURE DATA
J / J o Temperat ure  
F i r s t  run
°C
Second run
1 .00 25 25
.90 80 45
. 80 105 80
. 75 117 100
.70 1 30 115
VI . SOURCE OF VOLCANICS
P r e - V o l c a n i c  Topography
P r i o r  t o  d e p o s i t i o n  o f  t he Eocene v o l c a n i c  sequence,  t he 
map area was p a r t  o f  a t o p o g r a p h i c  bas i n  bounded on t he  west  
by a r i d g e  o f  Precambr i an to Cre t aceous  s t r a t a ,  on t he n o r t h  
by i n t e r m i t t e n t  t o p o g r a p h i c  h i ghs  o f  Precambr i an met amor ph i c  
rock and on the e a s t  by a r i d g e  o f  Precambr i an met amorph i c  
rock  t h a t  ex t ended sou t hwar d a t  l e a s t  t o  Mol Heron Creek 
( Pea l e ,  1895;  Hague,  I d d i ng s  and Weed, 1894;  H a l l ,  1951;
MeMann i s  and Chadwi ck ,  1954 ; E . L , McCaskey,  o r a l  communica­
t i o n ,  1958;  P l a t e  I ,  t h i s  s t u d y ) .
A S o u t he a s t e r n  Source
A source s o u t h e a s t  o f  t he map area i s  suggest ed f o r  t he 
g r e a t e r  p a r t  o f  t he Eocene v o l c a n i c  sequence because:  (1)  
a n d é s i t e  f l o ws  t h i n  and p i n c h - o u t  i n  a n o r t h w e s t e r l y  d i r e c t i o n ;
(2)  t owar d  the west  and n o r t h w e s t ,  e p i c l a s t i c  v o l c a n i c  beds,  
p a r t i c u l a r l y  a t  a l t i t u d e s  below 8800 f e e t ,  become b e t t e r  
s t r a t i f i e d  w i t h  more rounded c l a s t s  and c o n t a i n  more f i n e  
g r a i n e d  beds;  (3)  f o s s i l  f o r e s t s  become more abundant  w e s t ­
ward and n o r t h w e s t w a r d ;  (4)  r i d g e s  i n  the p r e - v o l c a n i c  t o p o ­
g r aph y ,  as i n d i c a t e d  above,  wou l d have p r o b a b l y  b l o c k ed  any 
m a t e r i a l s  coming f rom the e a s t ,  n o r t h  or  west  at  l e a s t  i n  t he 
e a r l i e r  s t ages  o f  d e p o s i t i o n  b e f o r e  t o p o g r a p h i c  lows f i l l e d  
u p .
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Smedes (1968)  sugges t s  t he Eocene v o l c a n i c  sequence,  sou t h  
o f  t he  map a r e a ,  was d e r i v e d  f rom ven t s  i n  a l a r g e  n o r t h -  
n o r t h e a s t  t r e n d i n g  h o r s t  i n  t he E l e c t r i c  Pe ak - Se pu l che r  Moun­
t a i n  r e g i o n ,  s o u t h e a s t  o f  t he map area i n Ye l l o w s t o n e  N a t i o n a l  
Park ( F i g u r e  2 ) .  The same o r i g i n  i s  sugges t ed f o r  t he g r e a t e r  
p a r t  o f  t he Eocene v o l c a n i c  sequence o f  the map area because 
t he  two Eocene sequences are i n  p a r t  c o e x t e n s i v e  and p r o b a b l y  
con t emp o r a n eo us .
A N o r t h e r n  Source
A n o r t h e r n  source f o r  some o f  t he upper  p a r t  o f  t he  
v o l c a n i c  sequence i n  t he  n o r t h w e s t e r n  p a r t  o f  t he  map area i s  
sug ges t ed  by :  (1)  numerous Pr ecambr i an  f r agment s  i n c r u d e l y
s t r a t i f i e d  e p i c l a s t i c  v o l c a n i c  beds a t  a l t i t u d e s  above 8720 
f e e t ;  ( 2 )  beds s t r i k i n g  n o r t h e a s t w a r d  and d i p p i n g  as much as 
30 degrees  s o u t h e a s t w a r d ,  whi ch i s  g r e a t e r  than what  cou l d  
r e a s o n a b l y  be due t o  r e g i o n a l  t i l t i n g ;  (3)  an a u g i t e  r i c h  
a n d é s i t e  f l o w  occu r s  a t  an a l t i t u d e  o f  about  9280 f e e t  ( sec ,
35,  T . 8  S . ,  R.5 E. )  t h a t  c l o s e l y  r esembles the a u g i t e - r i c h  
n o r t h e r n  G a l l a t i n  Range a n d é s i t e s ;  (4)  some a n d é s i t e  f l o w s  
w i t h  a l t i t u d e s  o f  about  8400 t o  9200 f e e t  l o c a t e d  i n t he  
n o r t h e r n  G a l l a t i n  Range grade sou t hwar d  i n t o  e p i c l a s t i c  
v o l c a n i c  beds whi ch seem c o n t i n u o u s  f r om t he n o r t h e r n  G a l l a t i n  
Range t o  t he Ramshorn Peak a r e a ,  about  one m i l e  n o r t h  o f  t he  
n o r t h w e s t  c o r n e r  o f  t he map area (R.  A. Chadwi ck,  o r a l
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c ommun i c a t i on ,  1969) .
A n d é s i t e  Di kes
Comp o s i t i o n a l  s i m i l a r i t y  between the seven a u g i t e -  
h o r n b l e n d e - h y p e r s t h e n e  a n d é s i t e  d i k e s ,  eas t  o f  Horse Creek,  
and the upper  a u g i t e - h o r n b l e n d e - h y p e r s t h e n e  a n d é s i t e  f l ows  
may sugges t  t he  d i k es  fed upper  f l o w s .
Thus t he upper  a n d é s i t e  f l o ws  and e p i c l a s t i c  v o l c a n i c  
beds,  i n  c o n t r a s t  t o  t he l ower  a n d é s i t e  f l ows  and e p i c l a s t i c  
v o l c a n i c  beds,  cou l d  have come i n  p a r t  f r om:  (1) t he s o u t h ­
e a s t ,  as a c o n t i n u a t i o n  o f  vo l can  i sm f rom E l e c t r i c  Peak- 
Sepul  cher  Mount a i n  r e g i o n ;  (2)  t he a n d é s i t e  d i kes  west  o f  
Horse Creek.  However ,  much i f  not  a l l  o f  the m a t e r i a l  
p r o b a b l y  came f rom the n o r t h ,  as i n d i c a t e d  by the ev i dence  
s t a t e d  above.
P I i 0 - P I e i s t o c e n e  Welded T u f f  Remnants
The sour ce  o f  t he welded t u f f  remnants eas t  o f  Sheep 
Creek and wes t  o f  Horse Creek i s  t h o u g h t  t o be no r t hwe s t  o f  t he 
map area because:  (1)  a wel ded t u f f  remnant  on t he n o r t h  s i de
o f  Tom Mi ne r  Creek j u s t  o f f  t he map area ( sec .  18, T.8 S . ,
R.6 E. )  has t he  same we l d i n g  zones;  (2)  welded t u f f  remnants 
are r e s t r i c t e d  t o  the v a l l e y  o f  Tom Mi ne r  Creek and occu r  a t  
l owe r  a l t i t u d e s  e a s t wa r d ;  (3)  i n  t h i n  s e c t i o n ,  the wel ded t u f f  
exposure west  o f  Horse Creek i s  p e t r o g r a p h i c a 1l y  s i m i l a r  t o
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t he p i n k  p a r t i a l l y  welded zone o f  t he o u t c r o p  eas t  o f  Sheep 
Creek,  s u g g e s t i n g  both welded t u f f s  are remnants o f  t he  same 
wel ded ash f l o w .
V I I .  GEOLOGIC HISTORY
Precambr i  an
I n t e r c a l a t e d  q u a r t z i t e s  and h o r n b l e n d e - b i o t i t e  s c h i s t s  
sug g e s t  d e p o s i t i o n  o f  a q u a r t z o - f e l d s p a t h i c  s e d i men t a r y  
sequence as t he  e a r l i e s t  r e c o r d e d  ev e n t  i n  the map a r ea .  These 
s c h i s t s  f l a n k  a q u a r t z - b i o t i t e - p l a g i o c l a s e  gne i ss  t h a t  may 
r e p r e s e n t :  (1 )  a g r a n i t i c  i n t r u s i o n  i n t o  the q u a r t z o -
f e l d s p a t h i c  s e d i me n t s ;  (2 )  a g r a n i t i c  t o p o g r a p h i c  h i gh t h a t  
was o n - l a p p e d  by the q u a r t z o - f e l d s p a t h i c  s e d i me n t s ;  (3 )  a 
b l o c k  o f  a r k o s i c  o r  g r a n i t i c  c o m p o s i t i o n  b r ough t  t o  t he 
s u r f a c e  by f a u l t i n g ;  (4)  a g r a n i t i z e d  a r ea .
I n t r u s i o n  o f  b a s i c  s i l l s  i n t o  t he  q u a r t z - b i o t i t e - p l a g i o -  
c l a s e  gn e i s s  b e f o r e  metamorphi sm and f o l d i n g  i s  sugges t ed  by 
t he  f o l l o w i n g  f e a t u r e s  i n  t he s i l l s :  (1)  p l a g i o c l a s e  g r a i n s
w i t h  r e c r y s t a l l i z e d  edges;  (2)  f r a c t u r e d  c r y s t a l s ;  (3)  l o c a l  
c a t a c l a s t i c  s t r u c t u r e s ;  (4)  a l t e r a t i o n  o f  a u g i t e  t o  green 
a mp h i b o l e ;  ( 5 )  p a r a l l e l i s m  o f  s i l l s  t o  f o l i a t i o n .
These s i l l s  are p r o b a b l y  o f  Precambr i an  age because o f  
sugges t ed  metamorphi sm and o r i e n t a t i o n  p a r a l l e l  t o  the 
f o l i a t i o n .  However ,  a Pr ecambr i an age i s  not  p o s i t i v e  because 
m a f i c  T e r t i a r y  d i k e s  are l o c a t e d  i n  t he  Lonesome Mount a i n  area 
o f  t he Pr ecambr i an  B e a r t o o t h  b l ock  and s i m i l a r  ma f i c  d i k e s  
i n t r u d e  Cambr i an beds near  t he map area ( L a r s e n ,  P o l d e r v a a r t
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and K i r c h m a y e r ,  1 966 ; W, J = McMannis,  o r a l  c ommu n i c a t i o n ,  1 969) 
D i a g n o s t i c  r e l a t i o n s h i p s  were no t  observed t o  d e t e r m i n e  
w h e t h e r  f o l d i n g  was b e f o r e ,  d u r i n g  o r  a f t e r  metamorphi sm.
Peg ma t i t e s  o c c u r  both p a r a l l e l  t o  and c r o s s c u t t i n g  
f o l i a t i o n .  D i a g n o s t i c  f e a t u r e s  were no t  observed t o  e s t a b l i s h  
w h e t h e r  t he  p e g ma t i t e s  formed d u r i n g  o r  a f t e r  met amorphi sm.
From Tom Mi ne r  Creek sou t hwar d  a l ong  t he west  s i d e  o f  
Tepee Cr eek ,  t he  met amor ph i c  sequence c o n s i s t s  o f  i n t e r b e d d e d  
h o r n b l e n d e - p l a g i o c l a s e - b i o t i t e  s c h i s t s  and s c h i s t o s e  
q u a r t z i t e s ;  q u a r t z - b i o t i t e - p l a g i o c l a s e  gne i ss  and g r a n u l i t e .
An i n c r e a s e  i n  met amorph i c  i n t e n s i t y  sou t hwar d i s  sugges t ed  
by :  ( 1 )  appearance o f  b i o t i t e ,  h o r n b l e n d e ,  p l a g i o c l a s e  and 
e p i d o t e  i n  t he s c h i s t s ;  (2)  g a r n e t ,  g r a p h i c  i n t e r g r o w t h s  o f  
f e l d s p a r  and q u a r t z  and r e c r y s t a l l i z e d  q u a r t z  i n  t he g n e i s s ;
( 3 )  a u g i t e ,  abundant  g r a p h i c  i n t e r g r o w t h s  o f  q u a r t z  and 
f e l d s p a r s ,  r e c r y s t a l l i z e d  g r a i n s  o f  q u a r t z  and f r a c t u r e d  
p l a g i o c l a s e  l a t h s  i n  t he  g r a n u l i t e .  The mi n e r a l  assembl age 
e p i d o t e ,  b i o t i t e - h o r n b l e n d e , g a r n e t  and a u g i t e  sugges t s  
medium t o  h i gh  grade r e g i o n a l  metamorphi sm o f  t he a l ma n d i n e -  
a m p h i b o l i t e  t o  g r a n u l i t e  f a c i e s .
A p r e - B e l t  age i s  sugges t ed  f o r  t he met amorph i c  r ocks  o f  
t he  map area by age dates o f  1 .6  t o  3-2 b i l l i o n  yea^s  d e t e r ­
mined on met amor ph i c  r o c k s ,  n o r t h ,  n o r t h e a s t ,  n o r t h w e s t  and 
s o u t h e a s t  o f  t he  map area (D. G. B r o o k i n s ,  1965,  w r i t t e n
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c ommun i ca t i on  t o  W, J,  McMannis;  McMannis and Chadwi ck,  1964;  
G i l e t t i ,  1966) .
P a l e o z o i c - M e s o z o i c
F o l l o w i n g  f o l d i n g  and metamorphi sm a s e d i me n t a r y  sequence 
a t  l e a s t  10 , 000 f e e t  t h i c k  was d e p o s i t e d  w i t h  a n g u l a r  uncon­
f o r m i t y  on t he  Pr ecambr i an  met amorph i c  rock  ( I d d i n g s ,  1904;  
W i l s o n ,  1934a,  1934b) .  At  a l a t e r  d a t e ,  t h i s  s e d i me n t a r y  
sequence was p a r t l y  removed by e r o s i o n  s i n c e  v o l c a n i c s  i n  
many p l a c e s ,  i n c l u d i n g  ' t he map a r e a ,  r e s t  d i r e c t l y  on 
P r ecambr i an  met amor ph i c  r ock .
Cenozoi  c
•Movements a l ong  t he Spani sh Peaks f a u l t  p r o b a b l y  t ook  
p l a c e  i n  s e v e r a l  phases f rom l a t e  Cre t aceous  up t o  p r e - m i d d l e  
Eocene t i me  (McMannis and Chadwi ck,  1964) ,
The i n t e r c a l a t e d  e p i c l a s t i c  v o l c a n i c  beds and a n d é s i t e  
f l o w s  were empl aced d u r i n g  Eocene t i m e .  Dac i t e  i n t r u s i o n s  
and a n d é s i t e  d i k e s  were emplaced a l ong  t he n o r t h w e s t - t r e n d i n g  
Western Absar oka b e l t  a l s o  d u r i n g  Eocene t i m e .
The e p i c l a s t i c  v o l c a n i c  beds and a n d é s i t e  f l ows  of .  t he 
map area are i n t e r p r e t e d  as Eocene because t hey  are c o n t i n ­
u o u s l y  t r a c e a b l e  sou t hwar d  f rom Big Horn Peak i n t o  beds 
mapped as Eocene by Smedes ( 1 968 ) .
The d a c i t e  i n t r u s i o n s  o f  t he map area are Eocene or
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y o u n g e r  i n  age because t hey  i n t r u d e  t he Eocene v o l c a n i c  
sequence.  The d a c i t e  i n t r u s i o n s  are i n t e r p r e t e d  as Eocene 
because s i m i l a r  d a c i t e  i n t r u s i o n s  l o c a t e d  a l ong  t he  p o t a s s i u m -  
r i c h  Eas t e r n  Absaroka b e l t  on M i l l  and Big Creeks ,  n o r t h w e s t  
o f  t he  map a r ea ,  y i e l d e d  K/ Ar  da t es  o f  49 , 0  and 4 9 . 5 + 1 . 5  
m i l l i o n  yea r s  r e s p e c t i v e l y  (R. A. Chadwi ck,  i n  p r e s s ) .
Si nce Eocene up t o P I i o - P l e i s t o c e n e  t i m e ,  e r o s i o n  was t he 
o n l y  r e c o g n i z e d  g e o l o g i c  e v e n t  i n  t he  map ar ea.  However ,  many 
g e o l o g i c  even t s  t ook  p l ac e  d u r i n g  t h i s  p e r i o d  a c c o r d i n g  t o  
e v i d e n c e  f rom nearby  a r eas .  In t he  Ye l l o ws t o n e  V a l l e y ,  
n o r t h e a s t  o f  t he map a r e a ,  o l i v i n e  b a s a l t  f l o w s ,  capp i ng  
H e p b u r n ' s  Mesa,  have been dat ed as P l i o c e n e  by Bush ( 1 9 6 7 ) .  
These b a s a l t  f l ows  o v e r l i e  a l a t e  M i o c e n e - e a r l y  P l i o c e n e  
s i l t s t o n e  ( H o r b e r g ,  1940)  and g r a v e l .
One or  more wel ded t u f f  d e p o s i t s  r e s t  un c o n f o r ma b 1 y on 
Eocene e p i c l a s t i c  v o l c a n i c  beds and a u g i t e - h y p e r s t h e n e  
a n d é s i t e  f l o w s .  Th i s  r e l a t i o n s h i p  i n d i c a t e s  t h a t  t he wel ded 
t u f f s  ar e  Eocene o r  y o u n g e r .  Welded t u f t s  i n near by  r e g i o n s  
ar e  Eocene ( S e p u l c h e r  Moun t a i n  and n o r t h e r n  Ye l l o ws t o n e  
N a t i o n a l  Park.  P r o s t k a ,  o r a l  commun i ca t i on  1968;  1968)  and 
P l i o - P l e i s t o c e n e  ( Y e l l o w s t o n e  P l a t e a u :  C h r i s t i a n s e n  and o t h e r s ,  
19 6 8 ) .  The wel ded t u f f s  o f  t he map area are i n t e r p r e t e d  t o 
be P I i o - P l e i s t o c e n e  because:  (1)  p o s t - c o o l i n g  a l t e r a t i o n  o f
g l a s s  and o x i d a t i o n  o f  i r o n  are l a c k i n g ;  (2 )  t r i d y m i t e  and
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c r i s t o b a l i t e  have not  been c o n v e r t e d  t o  o p a l ,  cha l cedony  or  
q u a r t z .  Absence o f  t hese  t ypes  o f  a l t e r a t i o n  i s  c h a r a c t e r ­
i s t i c  o f  P l i o c e n e  and y o u ng e r  wel ded t u f f s  a c c o r d i n g  t o  
Smi th ( 1 96 0 ) .
The wel ded t u f f  remnants l o c a t e d  a l ong Tom Mi ne r  Creek 
l i e  abou t  50 t o  480 f e e t  above t he  p r e s e n t  v a l l e y  f l o o r .  Th i s  
s ug g e s t s  t he  v a l l e y  f l o o r  was about  50 t o  480 f e e t  h i g h e r  
b e f o r e  t he  wel ded t u f f s  were d e p o s i t e d  i n  P I i o - P l e i s t o c e n e  (?)  
t i m e .  R e l a t i v e  a l t i t u d e s  o f  t he welded t u f f  remnants sugges t  
t he  v a l l e y  f l o o r  had a s t e e p e r  g r a d i e n t  to t he  ea s t  a t  t h a t  
t i me  t han i t  does a t  p r e s e n t .
Trie area was g l a c i a t e d  a t  l e a s t  once d u r i n g  t h i s  p e r i o d .  
C i r q u es  i n  Tom Mi ne r  Bas i n  have f l o o r s  a t  a l t i t u d e s  o f  8800 
f e e t  and above and g l a c i a l  d r i f t ,  mora i nes  and e r r a t i c s  oc c u r  
a t  a l t i t u d e s  up t o  a t  l e a s t  7600 f e e t .  Roches mountonees and 
s t r a i t e d  i c e  ma r g i n a l  c h a n n e l s , w h i c h  p a r a l l e l  t he p r e s e n t  
Y e l l o w s t o n e  R i v e r ,  have been c u t  i n  Pr ecambr i an met amorph i c  
r ocks  i n  Yankee J im Canyon,  Yankee Jim Canyon i s  i n t e r p r e t e d  
as h a v i n g  been c a r v e d ,  a t  l e a s t  i n  p a r t ,  by g l a c i a l  a c t i o n  
because s t r i a t e d  Pr ecambr i an  met amor ph i c  r ocks  o c c u r  a t  
a l t i t u d e s  abou t  even w i t h  t he p r e s e n t  Ye l l ows t o n e  R i v e r  
c h a n n e l .
The f o r m a t i o n  and d e s t r u c t i o n  o f  a l a n d s l i d e  dam b l o c k i n g  
t he  Y e l l o w s t o n e  R i v e r  i n  Yankee Jim Canyon i s  sugges t ed by
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remnants o f  m a t e r i a l  t h a t  f ormed the dam and outwash m a t e r i a l  
o f  s i m i l a r  c o mp o s i t i o n  d e p o s i t e d  downst ream when t he dam 
b r oke .  Th i s  event  i s  w e l l  documented by Good ( 1964) .
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